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Definitions of Chemistry. 



The following Definitions of Chemistry, except the last, are taken from 
Hare's " Compendium," page ivi. 

Thomson defines Chemistry to be " the science which treats of those 
events or changes in natural bodies, which are not accompanied with sensible 
motions." 

Henry conceives that /'it may be defined, the science which investigates 
the composition of material substances, and the permanent changes of con- 
stitution, which their mutual actions produce." 

Ajicording to Murray, **itia the science which investigates the combina- 
tions of matter, and the laws of those general forces by which these combi- 
nations are established and subverted." 

Brande alleges " that it is the object of Chemistry to investigate all the 
changes in the constitution of matter, whether effected by heat, miicture, or 
other nieans." 

According to Ure, ** Chemistry may be defined that science, the object 
of which is to discover and explain the changes of composition that octur 
among the integrant and constituent parts of different bodies." 

The definition given by Berzelius, is as follows: — "Chemistry is the 
science which makes known the composition of bodies, and the manner in 
which they comport with .each other." 

The following is from J. Barratt, M. D., of Middletown, Ct. : . 

" Chemistry is the science ^which unfolds compound bodies, and makes 
known to us the laws that combine and regulate the varioud forms of matter, 
and their nature and properties. In other words, it is the science of decom- 
position and recomposition of elementary substances, in the^;>erations of 
nature or of the laboratory, by the agency of affinity, light, heat, and 
electricity." 
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EXTRACT FBOM THE 

ADVERTISEMENT TO THE FIRST EDITION. 

The preparation of the following pages was undertaken by the advice of 
.he late lamented President of the Wesleyan University, with the primary 
design of providing a suitable Text Book on Chemistry, for the use of the 
annual classes in that institution. 

There are indeed already before the public many excellent works on this 
branch of science, the great merits of which the subscriber is happy to 
acknowledge ; but he long since became convinced, from his experience in 
teaching, of the need of a work of a little different character, for the special 
use of students in our higher seminaries of learning, as a text-book. ^ The 
object of a great majority of students, even of those who pursue a collegiate 
course, is, not to make themselves familiar with minute details of facts* oz 
processes of manipulation, but to understand the great prluciples of the 
science, and the leading facts which serve for its foundation. To facilitate 
in the accomplishment of this purpose is the object of the present work. In 
preparing it, the excellent " Elements of Chemistry** of the late Dr. Turner 
has been adopted as the basis, and all of that work incorporated in it which 
was suited to our purpose. His arrangement has been uniformly followed, 
with a few unimportant exceptions, which it is not necessary here to par- 
ticularize. This arrangement, on the whole, is considered the best that has 
ever beenr proposed. 

The part of Dr. Turner*8 work omitted is taken up chiefly with details 
of facts and discussions of opinions and theories, which is indeed important 
in a work designed for the general student, but which would be out ot 
place in a book prepared expressly to be used as a text-book. Its place, 
however, has been in part supplied by matter compiled from various other 
sources, so that the work is thought to be sufficiently large for the ordinary 
use of students, as the study of this science is usually pursued in this 
country. It has constantly been an object, while the work should be true 
to the science, and present in true proportion all its important features, to 
make it at the same time as practical as possible ; to lead the student to 
apply the principles he learns to the solution of natural phenomena, or pro> 
cesses he may witness in the arts. 
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ADVERTISEMENT 
TO THE SECOND EDITION. 

In the present edition the work has been carefully revised, and indeed 
re-cooi piled from the seventlL edition of Tamer's, and many additions made 
to adapt it to the advancing state of the science. The chief alteration, 
however, that has been made in the part on Inorganic Chemistry, consists 
in the transfer of the section on Crystalography from the chapter on salts 
to that on chemical combinations. The reasons for the change it is 
believed will be obvious.. 

The third part on Organic Chemistry has been entirely re-modeled* 
and it is hoped will be found much better adapted for the purposes of 
instruction, in the present advanced state of thrs highly interesting and 
important branch of the science. The new matter introduced has been 
compiled entirely from the last edition of Turner's work, edited by Liebig 
and Gregory, Thomson's Chemistry of Organic Bodies, and the recent 
work of Kane. 

'i iie extracts from other authors are always introduced in their own lan- 
guage, except in cases where it was necessary to make some little change 
to incorporate the extract the better with the passage with which it comes 
in connection. In a few instancesHhe names of authors are introduced in 
the text To avoid the necessity of constantly introducing quotation marks 
and references, a list of the authors which have been used will be given at 
the close of this advertisement. The compilation, however, has been chiefly 
made from the eleven first mentioned, the others having been referred to, 
with a few exceptions, only for facts or principles. 

To facilitate in the acquisition of the science, the text is divided into 
paragraphs, and numbered ; and references to important facts and principles 
introduced as frequently as they seemed necessary. As in many institu- 
tions so much time cannot be devoted to this science as would be requisite 
for a thorough study of the whole work, the less important parts have been 
printed in smaller type, which may be omitted on the first reading. The 
Intelligent student, however, it is hoped, will not be satisfied without a 
perusal, at his hours of leisure, of the whole work. 

To adapt the work for the use of the younger cldss of learners, a sm'ies 

of questions to the first three parts has been prepared, which, howi^ver, is 

designed to be bound in a pamphlet separate from the body of the work 

itself, 

(«) 



AClYBBTIBEXEIlT TO SEOOllB EDITION. ' tli 

A few pages only on Analytical Chemistry have been introdooed, merely 
to illustrate the design and nature of this branch of the science. 

It only remains for the compiler to acknowledge his obligations to sQve* 
ral kind fiiends, who have favored him with important suggestions, that 
have ccmtributed considerably, it is believed, to the improvement of the 
work. 

J. J. 

Wksletan Uniybrsitt, MiddUtownt Ct^ SepL 19, 1843. 
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INTRODUCTION. 



The science of nature, or general phjsics, according to the 
different points of view under which we contemplate natural 
bodies and the phenomena which they present, is divided into 
three great branches, — ^Natural History, Natural Philosophy, 
and ChemistiT. 

The first oi these branches, which alone comprehends three 
distinct sciences, mineralogy, zoology, and botany, has for its 
object to describe and classify the different organic and inor- 
ganic substances. 

Natural Philosophy treats of the general and permanent pro- 
perties of bodies, of the laws which govern them, and the re- 
ciprocal action which these bodies are capable of exerting 
upon each other at greater or less distances, without changing 
their nature. 

Chemistry includes the study of all those phenomena which 
depend upon an intimate action of the ultimate atoms of bodies 
of different kinds upon each other — an action which takes 
place only at infinitely small distances, and which always re- 
sults in the production of bodies possessing new properties. 

Chemistry may -therefore be defined, the science, the object 
of which is to determine the action which the ultimate particles 
of matter exert upon each other. 

We understand by the action of the ultimate atoms of mat- 
ter, the effect of a cause which is unknown to us, but which 
tends to unite the particles of one body to those of another, 
or to separate these particles in order to combine them with 
those of other bodies either in another order or in other pro- 
portions. 

This force, the cause of which is entirely unknown, but 
whose effectis are so sensible, forms the foundation of the 
science of chemistry, and has been called molecular attraction, 
because it is exerted only among the ultimate atoms or mole- 
cules of bodies^ 

The name atom or molecule has been given to the smallest 
or ultimate particles of bodies, which are so minute that they 
entirely escape our senses. They are divided into two kinds, 
Integral particles or atoms and constituent atoms. 

The first are those, a collection of which forms the body tc 
which they belong, and all of which are like the mass from 
wfaich they are taken. Thus, if we conceive a stick of sulphur 
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reduced to a very fine powder, each small particle thus pro- 
duced will be exactly like the whole mass ; it is yellow, brittle, 
combustible, and, in a word, possesses all the properties which 
characterize the mass. These particles, which are always 
like the mass from which they were taken, are called integrant 
particles. 

We give the name constituent particles to those which, by 
their union, form the integrant particles of bodies. Thus, in 
sulphuret of iron, a body composed of sulphur and iron, the 
particles of the two simple bodies, sulphur and iron, are the 
constituent atoms or particles of the compound; and if this 
sulphuret of iron be reduced to powder, each particle of the 
powder composed of sulphur and iron would be an integrant 
particle. 

From these definitions it will be seen* that any body never 
has but ^ one kind of integrant particles^ but that it may have 
many kinds of constituent particles. Indeed, a body must 
always have as many kinds of constituent particles as there 
are different principles entering into its composition. 

The various bodies which compose the matter of our globe 
are divided into simple and compound,. 

The simple bodies, of which only fifty-five or fifty-six are 
known with certainty, are such as have never been decom- 
posed or separated into more simple elements ; they are there- 
fore supposed to contain only one kind of particles. 

Compound bodies are produced by the union of the particles 
of two or more simple bodies. . 

The particles of lx)dies, whether simple or compound, do not 
seem to be in actual contact, but are held in their places by 
two forces of attraction and repulsion acting in' opposition to 
each other ; hence the same body may occupjr more space at 
some times than at others, that is, it may be expanded and con- 
tracted. The form which tends to bring the particles in con- 
tact is called cohesion ; and is always exerted between particles 
of the same kind, and only at insensible distances, or apparent 
contact. 

Repulsion is supposed to be occasioned solely by heat, which, 
by being interposed between the particles of bodies, prevents 
their contact. The greater the quantity of heat present, the 
farther will the particles of the body be removed from each 
other, and of course the greater will be its bulk or volume ; 
and the colder the body is, the more nearly will they approxi- 
mate. 

Matter is also subject to another kind of attraction, called 
chemical attraction or affinity. Like cohesion it acts only at 
insensible distances, but, unlike that force, it is exerted between 
particles of different kinds. It will be seen, therefore, that 
affinity unites the constituent particles or atoms of bodies, 
while cohesion is exerted only between the integrant particles. 
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The sejMtration.of the constituent particles of a substance is 
called its decomposition. 

Matter is indestructible ; that is, it cantiot be made to cease 
to exist. This statement seems at first view contrary to fact. 
Water and other volatile substances are dissipated by heat; 
and coals and wood are consumed in the fire and disappear. 
But in theee and other similar phenomena, not a particle of 
matter is annihilated, but the apparent destruction is owing 
merely to a change of form or of composition. The power of 
the chemist is, therefore, limited to the production of these 
changes. 

The composition of a body may be determined in two wajrs, 
ana]3rtically or synthetically. By analysis, the elements of a 
compound are separated from one another, as when water is 
resolved by the agency of galvanism into oxygen and hy- 
drogen; by synthesis they are made to combine, as when 
oxygen and hydrogen unite by the electric spark, and generate 
a portion of water. Each of these kinds of proof is satisfac- 
tory; but when they are conjoined — when we first resolve a 
particle of water into its elements, and then reproduce it by 
causing them to unite—the evidence is in the highest degree 
conclusive. 

The arrangement adopted in this work is very nearly the 
same as that of Dr. Turner; the most important change that 
has been made, consists in the transfer of the remarks on Crys- 
talography from the chapter on Salts to that onChemicjil Com- 
binations. The reasons for the change, it is believed, will be 
obvious to every one acquainted with the science. The work 
is divided into four principal parts. The first comprehends^ an 
account of the nature and properties of Heat, Ldght, and Elec- 
tricity — agents so diffusive and subtile, that the common attri- 
butes of matter cannot be perceived in them. They are alto- 
gether destitute of weight; at least, if they possess any, it 
cannot be discovered by our most delicate balances, and hence 
they have received the appellation erf* Imponderables, They 
cannot be confined and exhibited ^in a mass like ordinary 
bodies ; they cah be collected only through the intervention of 
other substances. Their title to be considered material is, 
therefore, questionable, and the effects produced by them have 
accordingly, been attributed to certain motions or affections of 
common itiatteh It must be admitted, however, that they 
appear to be subject to the same powers that act on matter in 
general, and that some of the laws which have been deter- 
mined concerning them are exactly such as might have been 
anticipated on the supposition of their materiality. It hence 
fcdlows that we heed only regard tihem as subtile species of 
matter, in order that the phenomena to which they give rise 
may be explained in the language, syid according to the "prin- 
ciples, which are applied to material substances in general. 
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The second part comprises Inorganic Chemistry. U includes 
the doctrine of affinity, the laws of combination and crystaliza- 
tion, together with the chemical l^istory of all the elementary 
principles hitherto discovered, and of those compound bodies 
which are not the product of organization. 

Elementary bodies- are divided into the non-metallic and 
metallic; and the substances contained in each division are 
treated in the order which, it is conceived, will be most conve- 
nient for .the purposes of teaching. From the important part 
which oxygen plays in the economy of nature, it is necessary 
to begin with the description of that principle ; and from the 
tendency it has to unite with other bodies, as well as the im- 
portance of the compounds it forms with them, it will be useful, 
in studying the history of each elementary body, to describe 
the combinations into which it enters with oxygen gas, and 
then the compounds it forms with the other simple non-metal- 
he elements which have jprevioualy been described, as far as is 
consistent with the design of the book. 

The description of the individual metals will be accompanied 
by a history of their combinations, first with each other, and 
then with the simple non-metallic elements. The last division 
of this part will comprise a history of the salts. 

The third general division of the work is Organic Chemistry^ 
a subject which will be conveniently discussed under two 
heads, the one comprehending the products of vegetable, the 
other of animaj life. 

The fourth part, which will be inserted if the size of the book 
does not become too great, willcontain brief directions for the 
performance of Analyses. 
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PART I. 

IMPONDERABLE SUBSTANCES. 



CHAPTER L 
HEAT, OR CALORlfc. 



SECTION I. 

DISTRIBUTION OF H£AT, OR CALORIC. 

1. No sensations are more familiar than those of heat and 
cold. The same body is capable of producing every variety 
of these sensations, from intense heat to intense cold, without 
having its properties permanently changed; £ind it is hence 
inferred that they are not caused by the matter of the body 
itself, but by some other power or principle occasionally present 
in different quantities. 

Whether heat be really a material substance, is not known ; 
but in describing its effects, it is usual to speak of it as an 
exceedingly subtile fluid, the particles of which repel each 
other, but are attracted by all other substances. 

2. The term Heat, however, in common^language, has two 
meanings : in the one case, it implies the sensation experienced 
on touching a hot body ; in the other, it expresses the cause of 
that sensation. When used in the latter sense, it is synony- 
mous with the word, Caloric, (from Color, heat,) which is em- 
ployed exclusively to signify the cause or agent by which all 
the effects of heat are produced. But in practice ^he distinc- 
tion is not usually very rigidly observed. 

3. Heat is imponderable : that is, it is so exceedingly light 
that a body undergoes no appreciable, change of weight, either 
by the addition or abstraction of heat. It is present in all 
bodies, and cannot be wholly separated from them. For if a 
substance, however cold, be transferred into an atmosphere 
which is still colder, a thermometer placed in the body will 
indicate the escape of heat. That its particles repel one 
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another is proved by observing that it flies off from a heated 
body ; and that it is attracted .by other substances, is inferred 
from the tendency it has to penetrate their particles, and to be 
retained by them. i» 

4. Heat may be transferred from one body to another. Thus, 
if a cup of mercury at 60° be plunged into hot water, heat 
passes rapidly from one into the other, until the temperature 
in both is the same ; that is, till a thermometer placed in each 
stands at the same height. All bodies on the earth are con- 
stantly tending to attain an equality, or what is technically 
called, an equilibrium, of temperature. If, for example, a num- 
ber of substances of different temperatures be enclosed in an 
apartment, in which there is no actual source of heat, they 
will soon acquire an equilibrimn, so that a thermometer will 
stand at the same point in all of them. Our varying sensa- 
tions of heat and qpld are owing to a like cause. On touching 
a hot body, heat passes from it into the hand, and excites the 
feeling of warmth ; when we touch a cold body, heat is com- 
municated to it from the hand, and thus arises the sensation of 
cold. 

5. Heat is communicated from a hot body to others which 
are colder in two ways, by cRrect contact, and by radiation. 
By direct contact, when the hot body touches a cold one, so 
that the heat may pass directly from one into the other, as 
when a bar of iron is put into a fire, or the hand plunged into 
hot water. By radiation, when the heat leaps as it were from 
a hot to a cold body thi-ough an appreciable interval ; as when 
a red-hot ball suspended' in the vacuum of ah air-pump distri- 
butes its heat to surrounding objects, or qs when we are 
warmed by standing at some distance before a fire. In study- 
ing these phenomena, we must regard both the loss of heat m 
the hot body, aiid the^ain of heat in the cold one. 

6. The mode in which a hot body cools is, firstly, by giving 
off heat from its surface either by contact or radiation, or 
both conjointly ; iind, secondly, by the heat in its interior 
passing from particle to particle through its substance to its 
surface. The heating of a cqjd body is effected, firstly, by 
heat passing into its sur&ce either by contact or radiation, or 
by both conjointly ; and, secondly, by the heat at its surface 
passing from particle to particle through its interior portions 

7. When two bodies of different temperature are in actua 
contact, the principal conditions which influence the communi 
cation of heat from one to the other, are, the degree of conti 
giiity and the conducting power of the substances. The more 
perfect the approximation, the more rapid, other things being 
equal, is the.transfer. The contact of two solids, or a solid 
with a gas, is, in general, of a less perfect kind, and at fewer 
points, than that between a solid and a liquid ; and hence, so far 
as contact alone is concerned, the transfer is more rapid in the 
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latter cas^ than in the former. It is still more rapid when liqulila 
are mixed with each other, or gases with gases, owing to the 
intermixture of their particles. . When bodied touch each other 
at their surfaces only, the rapidity of transfer will depend upon 
the velocity withwhich caloric passes through their substances, 
and the question becomes one of conduction merely. 

We shall therefore continue the discussion of the subject of 
this section, under the two heads of conduction and radiation, 

• 

CONDUCTION OF HEAT.' 

/ 

8. By this term is expressed the passage of heat from particle 
to particle, through the substance of bodies. Heat i? said to be 
conducted by them, or to pass by condttction, and the property 
on which its transmission depends is termed their conducting 
power, 

9. If on a cold morning of winter, the hand is placed succes- 
sively upori a piece of metal, and then upon a piece of wood, 
the former will feel much colder than the latter, because the 
metsd in equal times conveys away from the hand much more 
caloric than the wood. Daily experience also teaches that 
we csuinot leave one end of a rod of iron for some time in 
the fire, and then touch its other extremity without danger of 
being burned, yet with a rod of glass, or wood, or charcoal, of 
but few inches in length, it may be done with safety. If a 
piece 6f metal or otlwr ^substance is heated to the boiling 
point of water, and immediately plunged into mercCiry till the 
substance becomes of the same temperature as the mfercury, 
and again heated as before and plunged into olive oil, it will 
be found to require a much longer time to cool in the latter 
than in the former case. By observing these and similar 
facts, it is very evident that different bodies conduct or trans- 
mit caloric with different degrees of velocity. All material su b- 
stances are, therefore, divided into the two classes of condtictora 
and non-conductors of heat. The former ilivision, of course, 
includes those bodies, such as the metals, which allow heat 
to pass through them freely ; and the latter comprises those 
which do not give an easy passage to it, such as marble, glass, 
wood, and charcoal The division is, therefore, rather rela- 
tive than absolute ; — ^the non-conductors permit caloric to pass 
through their substances, but with less velocity than the con- 
ductors. 

10. Conduction in Solids. — Various methods have been 
adopted for determining the relative conducting power of dif- 
ferent substances. The mode devised by Irigenhouz was to 
cover small rods of the same form, size, and length, but of dif- 
ferent materials, with a layer of wax, to plunge their extremi- 
ties into heated oil, and note to what distance the wax was 
melted on each during the same interval. The metals were 

2* 
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found, by this method, to conduct b^t better than any other sub- 
stances ; and of the metals, silver is the best conductor ; gold 
comes next ; then tin and copper, which are nearly equal ; then 
platinum, iron, and lead. 

Some experiments were made by Despretz, apparently with 
great care, on the relative conducting power of the metals and. 
some other substances, 'and the rei^ts are contMned in the 
following table : 



Gold.....' ..lOQO 

Silver 973 

Copper 898.2 

Platinum.... .• 381 

Iron a74.3 

Zinc 363 



Tin. 303.9 

Lead .-... 179.6 

Marble........... 23.6 

Porcelain 12.2 

Fine Clay 11.4 



The substances employed for these efxperiments were made 
into prisms of the same form and size. , To one extremity a 
constant source of heat was applied, and the passage of heat 
along the bar was estimated by small thermometers placed at 
regular distances, with their bulbs fixed iii the substance of the 
prism. The results, as contained in th^ table, do not agree 
entirely with those of Ingenhouzy or of other experimenters, 
but they may without question be considered as a near ap- 
proximation to the truth. 

11. A convenient method to deterfnine the relative Conductinjgf power of 
different substances, is, to have them made into cylinders of e<][ual diameter, 
and set in a thin piece of wood at sufficient distances from each other, both 
cxtreinilies of each piece projecting from one to tvrp inches from the wood. 
If the board be held in a horizontal position, a small piece of phosphorus 
may be placed upon the upper extremity of each of the-substances ezperi- 
mented upon, and the* lower ends exposed to the tome temperature by 
plunging them in heated oil, or sand thatrha? been previously well mixed 
afler being heated; and the times that elapse before the ignition of the 
phosphorus upon the several substances, will indicate with some correct- 
ness, their relative conducting powers. 

This principle will e^pli^in why a pieceof paper wound closely around a 
cylinder of metal and held in the flame of a lamp iq not even scorched for 
some time, though, if wood had been used instead of metal, the paper would 
have taken fire immediately. An experiment of this kind is sometimes 
performed by holding a liandkerchief closely in contact with the back of a 
silver watch, and touching it withrignited charcoal. It is said the handker 
chief cannot be burned in thi» way; but it would be ipore correct to say, it 
cannot be done without difficulty. 

13. An ingenious plan was adopted by Couiit Rumford for ascertaining 
the relative conducting power of the different materials employed for cloth- 
ing He enveloped a thermometer' in a glass cylinder blown into a ball at 
its extremity, and filled the interstices with the substance to be examined. 
Having heated the apparatus to the same temperature in every instance by 
immersion in boiling water, he transferred it into melting ice, and observed 
carefully the- number of seconds which elapsed during Uie passage of the 
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thermometer throBg'h 135 degrees; When there was air between the ther* 
mometer and cytinder, the pooling took place in 576 seconds ; when the 
iDterstices were filled with line lint, it took place in 103^; with cotton, in 
1046'' ; with sheep's wool, in 1118''! wHh raw silk, in 1284" ; with beaver's 
far, in 1296^' v with eider down« in 1305'' ; and with hare's fiir, in 1315". 

13. Many efforts have been made to determine the cause of 
this great difference in the conducting power of different 
bodies, but hitherto with little avail. The conducting power of 
solid bodies does not seem to- be related to any of the other 
properties of matter ; but it approaches nearer to the ratio of 
their densities than that of any other property. Count Rum- 
ford found a considerable difference in the conducting power 
even of the same material, according to the state in which it 
was employed. His observations seem to warrant the conclu- 
sion, that, in the same substance, the conducting power in- 
creases with the compactness of structure. 

14. The metals,, as already remarked, are much the best con- 
ductors of caloric known, while glass, pottery, clay, resin, 
charcoal, feathers, silk; wool, &€., are generally considered 
non-conauctors. 

' The non-conduQting power of cotton, wool, fur, and other 
sunilar substances, is supposed to be occasioned by the air me- 
chanically held among their fibres. 

15. Advantage is taken of the imperfect conducting powers 
of bodies, to prevent the passage of heat in any direction, par- 
ticularly in confining it. Hence fiirnaces are generally lined 
with "fire-brick," or a thick coatipg of clay and sand. 
Wooden handles are fitted to metallic vessels, or a stratum 
of w69d or ivory is interposed between the hot vessel and the 
metal handle. Double Windows, as in Kensington Palace, 
England, and double dodrs, with an interposed stratum of air, 
are sometimes used. ' Ice-houses are often constructed with 
double walls which have their interstices filled with fine char- 
coed, or some other non-conducting substance, to 'prevent the 
influx of heat from 'without. 

16. The' design of clothing is to retain the heat produced 
by the system ; and hence the warmest clothing will be that 
which possesses the least conducting power. By reference 
to the experiments of Count Rutaford, mentioned above, it 
will be seen thiat the general practice of mankind, in their* 
selection of clothing, is fully justified by experiment. In win- 
ter the poorest conductors are seliscted, and in summer the 
best, as it is then desirable that the superfluous heat may be 
permitted at once to escape. If, in summer, the temperature 
of the atmosphere should rise considerably above that of the 
system, it would be found advantageous to use the same cloth- 
ing as in cold weather, in ordqr to prevent the accession of heat 
from without. 
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17. Sno'w, in consequence of its imperfect conducting pojurCT; 
serves as. clothing' to the earth in winter* and prevents its 
surface from being cooled down asiow as it wbiild otherwise 
be. , ' - . 

On the other hand, advantage is taken of the conducting 
power of bodies in extending large cylinders or prisms of 
metal from the fire in kitchen-ranges Xo ovens at a little dis- 
tance, which, by the caloric conducted along the metal, are 
kept constantly at the proper temperature. Cylinders of metal 
are sometimes made to extend from the centre of the oil vessels 
of lamps used in light-houses, and terminate in knobs direetiy 
over the tops of the glass chimneys surrounding the wicks. A 
portion of the heat produced by the lamp is thius conveyed to 
the oil to prevent it from congealing. 

18. Conduction in Liquids, — Liquids may be said, in one 
sense of the word, to have the power of conveying heat with 
great rapidity, though in reality they are very imperfect 
conductors. This peculiarity is owing to the mobility which 
subsists among the particles of all fluids, and the change of 
size which is always produced by a change of temperature. 
When any particles of a liquid are heated they expand, thereby 
becoming specifically lighter than those which have not received 
an increase of temperature ; and if the former happen to be 
covered by a stratum of the latter, these from their greater 
density wfll descend, while the warmer ^nd lighter particles 
will be pressed upwards. It therefore follows that, if heat enter 
at the bottom of a vessel containing a liquid, a double set of 
currents must be immediately established, the one of hot parti- 
cles rising towards the' surface, and the other of colder parti- 
cles descending to the bottom. Now these currents take place 
with such rapidity, that if a thermometer be placed at the bot- 
tom, and another at the top of a long jar, the fire being applied 
below, the upper one will bpgin to rise almost as soon as the 
lower. The transportation of hot particles by this process has 
been termed the convection of heat. 

19. But if, instead of heating the bottom of the jar, the heat 
enter by the upper surface, very different phenomena will- be 
observed. . The intestine movement cannot then be formed, 
because the heated particles, from being lighter than those below 
them, remain constantly at the top; the heat can descend 
through the fluid only by transmission from particle to particle, 
a process which takes place so very tardily, as to have induced 
Count Rumford to deny that water can conduct at all. In this, 
however, he was mistaken ; for the opposite opinion has been 
successfiilly supported by Hope, Thomson, and Murray, though 
they all admit that water, and liquids in general, mercury 
excepted, possess the power of conducting heat in a very 
slight degree. 



HfeAT. 31 

30. The estaUishmeht of the Upward and downward cnrrents, when heat 
is ai^ed to the bottonr^f the veaael oontaimnf-a fluid, may m ihown by 
patting Bome pieces of amber xa gum copdl into a iressel of water, and plac- 
ing it oT^r a small spirit-lamp. The piectf of ainber or gum will be seen 
to rise yertically in the 'centre, and, atk reaching the sarfiice, move towards 
the sides of the vessel which are colder, .from the inflaenoe of 4he external 
air; they then sink and rise again as before. 

When the boiling point is nearly attained, the particles being nearly of 
the same temperature, the circulation is retarded. The portions in contact 
with the heated surface are converted into steam before they, can be suc- 
ceeded by others ; hut the steam thus produced cannot rise far before it is 
oondens^. Hence the vibration' and singing observed at this time. — JDr. 
Bare, 

21. The extremely poor oanducting power of water may be shov^ by 
cementing a thermometer in a glass numel, which is to be inverted and 
filled with water «o as to cover the bulb of the thermometer about a f|uartor 
of an inch« if iiow a tittle ether be gentlv poured upon the water, it may 
be inflamed vvithout producing any sensiUe efifect upon the thamH>meter. 

When large quantities of water are slowly heated, the upper portions will 
frequently be found quite warm, while that in the lower part of the vessd 
will remain comparatively cold ; and this thcn^h the fire is applied beneath. 
Hence it is not unfrequent, in bathing esteUishments, to draw both wvm 
and cold water from the same reservoir. 

22. If a tube ten or twelve inches long be nearly filled with water and 
placed in an inclined position, so that the heat of a spirit-lamp can be applied 
near the centre, the' water in ^ the -upper part of the tube may be made to 
boil, while the lower portion will remain as cold, or nearly so, as at first 
If* at the oommesncement of the experiment, the temperature of the water 
be near the freeang point, and a pieee of ice be confined at the bottom, it 
will remain long a&r the water boils abov^ it, before it will be melted. 

23. Cenduetum in ^Tases.— It is extremely difiicnlt to estimate the con. 
ducting power of aeriform fluids* Their particles move so freely on each 
other, that the moment a particle is dilated by heat, it is pressed upwards 
with great velocity by the descent of odder and heavier particles, so that an 
ascending' and descending current is instantly established. Besides, these 
bodies allow a passage through them by radiation. Kow th& quantity of 
heat which passes by these two channels is so much greater than that which 
is conducted from partide to particle, that we possessHio means of deter- 
mining their proportion. It is certain, however, that the conducting power 
of gaseous ftuidB is exceedingly imperfect, probably even more so than that 
ofBquids. 

RADIATION^ 

24; Wbeh the hand is placed beneath a hot bod^ suspended 
in the air, a. distinct sensation of warmth Is perceived, though 
from a considerable distance. This effect does not arise from 
the heat being conveyed by means of a hot current ; since all 
the heated particles have a uniform tendency to rise. Neither,- 
for reasons above assigned, can it depend on the conducting 
power of the air ; because aerial substances possess this power 
in a very low degree, while the sensation in the present case is 
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excited almost on the instant. There is, therefore, another mode 
by which heat passes from one body to another; and as it 
takes place in all gases, and even in vacuot it is inferred. that 
the presence of a medium i« n6t necessary to its passage. 
This mode of distribution is called radiation of heat, and the 
heat so distributed i^ called radiant, or radiate^ heat. It ap- 
pears, therefore, that a heated body suspended in the air cools, 
or is reduced t6 an equilibrium, with surrounding bodies, in* 
three ways; first, by the conducting power of the air, the influ- 
ence of which is very trifling; secopdly, by the mobility of the 
air in contact with it ; and thirdly, by radiation. 

25. Laws qf Distritmtion, — Heat is emitted^ fi:-onj the surface 
of a hot body equally in all directions, and. in right lines, like 
radii drawn from the centre to the surface of a sphere ; so that 
a thermometer placed at the same ofstance oh any side would 
stand at the same point, if the effect" of the ascending current 
of hot air could be averted. The calorific rays, thus distri- 
buted, pass freely through a vacuum, and the air, without being 
arrested by the latter, or in any way affecting its temperature. 
When they fall upon the surface of a solid or liquid substance^ 
they may be disposed of in three different ways: — 1, they may 
rebound from its surface, or be reflected ; 2, they may be re- 
ceived into its substance, or be absorbed s and 3, u^ey may pass 
directly through it, or be transmitted. In the first and third 
cases, the temperature of, the body on which. the rays fall is 
altogether unaffected ; whereas, in the s'econd it is increased. 
The heating influence varies with the distance from the radi- 
ating body. ' The rate or law of decrease, as ascertained by 
careful experiment, and as* may be inferred from mathematical 
considerations, is^ that the intensity of heat diminishes in the 
same ratio as the squares of the drsta»ices from the radiating 
point increase. Thus the thermomete i will indicate four times 
less heat at two inches, nine. times less at three inches, and six- 
teen times. less at four inches, than'it did when it was only one 
inch from the heated substance. 

26. The radiation of heat from hot budies is singularly influ- 
enced by the nature and condition of their surfaces, a circum- 
stance which was first illustrated by Leslie, in Kis Essay on 
Heat, published in 1804. In his experiments he used a cuoical 
vessel of tin filled with hot water as the radiating substance; 
and the calorific rays proceeding from it were brought to a 
focus by means of a concave mirror, and their intensity ascer- 
tained by a differential thermometer. By adapting thin plates 
of tbe metals to the different faces of the cubical vessel, or coat- 
ing them with other substances, and bringing them opposite 
the mirror, the following results were obtained. 1. Bright and 
polished metallic surfeces radiate caloric very imperfectly. 2. 
The radiating "jowef is much increased, simply by scratching 
the ^ur&ce, or rendering it in any way rough or dull, as by 
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eoatingft with wax, whiting, or lampblack. S. The radiating, 
power of the different metals is nearly eqiial, provided they are 
susceptible of equal polish. 4. The power of a body to radiate 
caloric does not depend entirely upon the condition of its sur- 
face, since a highly polished piece of .glass radiates &r better 
than an equally polished metallic surfaca 

. 27. The different radiating power of different surfaces maybe shown by 
taking two cylindrical vessels, Capable of holding about a half-pint each, 
with an orifice a^ the top like a 6oramon vial that may be closed with a 
cork. If now ope of the vessels be coated with lampblack or powdered 
chalk, and both'fille<J with boiling water, afler standing a short time, a ther- 
mometer inserted Into the vessels snccessively will show that the contents 
of the coated ve^el are approaching the temperature of the atmosphere . 
much more rapidly than those of the other. After a certain interval, the 
finger may be immersed in the water of the coated vessel without danger, 
while that in. the other riemains at a scalding temperature. If the surnice 
of one -ofthe vesseb is made rough by scratching it with sand-paper, a simi- 
lar effect will be observed. In both cases the quantity of caloric contained 
in the vessels' was equal, but one vessel permitted it to* escape by radiation 
more rapidly than the other. . " * 

28. Lampblack has been found to form the best radiating 
8ur&ce of any known substances. If its radiating power be 
estimated at 100, that of glass, it is said, will be 90, bright lead 
19, and tin plate only 12; and though bright lead radiates with 
a power of but 19, if it be a little tarnished, its power is raised 
to 45. 

29. Ingeneral it may be affirmed that all substances in nature 
have different radiating powers. In the case of the metals, the 
radiation appears to depend merely upon the surface, without 
reference to the thickness t but in case of other radiating sub- 
stances, something depends upon the thickness of the coating 
constituting the surface, the increase of which within moderate 
limits increases the radiation. If a ver^y thick coating be ap- 
plied^ the result will of course depend m part upon the con- 
ducting power oif the substance, as well as the nature of the 
smface. 

30. By some recent experiments, (PhiL Trans. 1833, Part II,) 
it appears to be isatisfactorily determined >that, other things 
bemg equal, dark-colored ^umces radiate caloric more freely 
than lighter-colored ones.* 

31. Several important suggestions will naturally arise from a 
review of the preceding doctrines. Whenever' it is desired 
that the heat of a fluid or other substance should be retained, 
vessels with bright and polished metallic surfaces should be 
tised, but the reverse if the heat is to be distributed. Thus 
tea and coffee-pots are usually made of some bright metal, 

"•This opinion has been '<5ontroverted by Professor A. D. Bache, with 
maeh pUuability.- Farther experiments are needed.— iSt2. Jour,^ zzil, 16. 
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.while stoves and stov&pipesy tor the difiusion of beat, are 
made with dark and rough sor&cesL - Pipes to convey steam 
from the boilers in steam-engines to the cylinders, and pipes to 
convey heated air from furnaces to the diSferent apartments of 
a building, should be bright, or else they should be protected 
by some non-conducting, covering. 

32. Reflection cf Heat, — That heat may be reflected may be 
shown by standing at the side of a fire in such a position that 
the heat cannot reach the &ce directly, and then placing a 
plate of tinned iron opposite the grate, and at such' an incli- 
nation as permits the observer to see in it the reflection of the 
Are; as soon as it is brought to this indioation, a distinct im- 
pression of heat will be perceived upon the face. 

33. If a line be drawn from a radiating substance td the point 
of a plane surface by which its ra3rs are reflected, and a second 
line from that point to the spot where its jieating power is ex- 
erted, the anjG^les which these lines form with a line perpendicu- 
lar tp the reflecting plane are called the angles oUncidence and 
refleiuion, and are mvariably equal to each other. 

34. Thus let AB, figure 1, be the reflecting 
^j^ surftce, and R a ray of heat whieb strilies tbis 
Borfaoe at D in the direction RD; it will be 
tbrown off or reflected in tbe direction DI. If 
a perpendicalar PD be erected at tbe point D, 
tbe angle RDP will be the angle of incidence, 
and IDP tbe angle o^" reflection. 

It follows, firom this' law, that when a heated 
•^ body is placed in the focus of a concave parcv 
bolic reflector,, tbe diverging rays which strike upon it assume a parallel 
difelstion with respect to eauai other ; and tbat when tbese parallel rays im- 
pinge upon a second concave reflector standing ^ppodte to tbe former, they 
are made to converge so as to meet togetber in its focus. Their united in- 
fluence is tluis brought to heu upon a single point 

. - • Ky. a. • . 





35. The manner of performing tbe experiment will be seen by inspecting 
figure 9. A and B are two concave parabolic jnirrors. If a heated ball 
is placed in tbe focus of one of them. A, the rays of beat striking its surface 
will be rofleoled in parallel lines to the second mirror, B^and 'l« again ool 
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lected, hj a second rejection, in its focus, D ; as will At dace be 'rfwwn bj 
a tl^ermometer piaced there. 

36. It has been known for ages that the heat contained in * 
the solar rays admits of being reflected by mirrors, and a like 
property has long since been recognised in the rays emitted 
by red-hot bodies; but that heat emanates in invisible rays, 
which are subject to the same laws of reflection as those that 
are accompanied by light, is a modern discovery, noticed in- 
deed by Lambert, bat first decisively ei^abli^ed by Saussure 
and Pictet of Geneva They first prov^ it of an iron ball, ao 
heated as not to be luminous even in the dark, and then of a 
vessel of boiling water ; but for most of our knowledge of this 
subject we must again refer to the labors of Leslie. He dfi^ 
monstrated that the reflecting power depends on the nature and 
condition of surfaces ; and that those qualities which are ad« 
verse to radiation are precisely such as promote reflection. 
Bright smooth metallic surfaces^ as polished silver, l^rass, or 
tin, which are retentive of their own heat, are little prone to 
receive heat from other sources, but cause such rays to fly oflF* 
from them ; while those qualities of a surface which facilitate 
radiation from a hot body, likewise unfit it for reflecting the 
rays which fall upon it from surrounding objects. His experi- 
ments, indeed, justify the conclusion that the faculty of radiation 
is inversely as that of reflection. 

37. Absorption of Heat, — Every increase of temp^ature aris- 
ing from radiant heat is due to its absorption or ireception into 
the body on which it falls. If a pencil pf heat impinges upon 
the surrace of a body through which no portion of it is trans- 
mitted, it must, as a matter of course, eitlier be reflected or 
absorbed : those ray« which are reflected cannot be absorbed ; 
and those which are not reflected must be absorbed. The 
number of absorbed rays is supplemental to that of the reflected 
rays. It .hence follows that as the reflecting power is materia 
ally influenced by the nature of surfaces, the absorptive power 
must be so likewise. Those qualities of a surface which 
increase reflection are to the wime extent adverse to absorp- 
ti(Mi; and those which favor absorption are proportiojia^Hy 
injurious to reflection. Since, moreover, as has just been 
shown (36), the property of radiation is inversely as that of re- - 
flection, the power of radiating is. directly proportional to that 
of absorbing heat. 

38. Suites may therefore be divided into two cTasses, those 
which alf^d an easy passage to heat, and those which do not. 
The former will be good radiators and absorbers, and the lattser 
good reflectors and retainers. 

39. The color of snrfkces influencea the absorption of radiant heat 
This has been observed by several persons of the 8un*s rays, and of terres- 
trial heat associated with light, as will be stated hereafter ; but the depend 
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ence of the absorptiTe power for «>nipl« heat oa color has not till Istel; 
>een noticed. From teBearcliee by Dr. Stark it ae^as that dificrentlf 
colored woota troaad upon the bulb of a thermameter, and eiposed within 
■ glasa tube to hot water, rose from 50° to 170° in the following ^mes,— - 
bUck wool in i 30", dark green in S', aUrUt in 5' 30", wliite in 6'. 

40. An interesting coimeclion has been traced by Nobili and Meltoni 
between the B&sorbing- and condncting power of nuucea, in leate able re- 
■earehea, which, if free from fitUaey, justify the inference that the radiating 
and nbeorbing powere of sarftces for simple beat are in the iqyetaa order 
of their ciHiducting power. 

Pig' 3. 41. TVantmUtMti of Seat.— Radiant heat 

passes with perfect freedom tiiroiigh a va- 
cuum. The air and gaseous substances 
present a considerable, barrier to its pro- 
gress. An experiment of Davy seems 
conclusive as to this point He con- 
trived to heat a platinum wire by means 
of galvanism within a receiver containing 
, two concave reflectors, with a thermome- 

ter in the focus of one of Uiem, the heated 
wire being in the focus of the other. Now 
when the air was exhausted to y^jth part 
of its ordinary density, the thermometer, 
it was found, would be raised by'means of 
the ignited wire, three t4mes as high as 
when the air in the receiver was at its natu- 
I ral pressure. 
42. Most transparent media of a denser Icind, such as the dia- 
mond, rock-crystal, glass, and water, even in thin strata, 
greatly interfere with its passage; and when in moderately 
thick masses, intercept it altogether. This last remark, how- 
ever, is applicable only to rimple-radiant heat, that is, to heat 
unaccompanied with light. The solar rays pass readily through 
^lass, both heat and light being refracted in their passage, as 
IS shown by the common burning-glass ; and though much of 
the heat emitted by the flarfie of a Tamp, or a red-hot iron bail, 
is arrested by glass, many of the calorific rays are directly 
transmitted with the light. But the result is different when 
the heated body is not luminous. A thin screen of glass, inter- 
posed between such an object and a thermometer, certainly 
intercepts most of the rays that fall upon it; and the sole 
question which can be raised is, whether the small effect on 
the thermometer is caused by direct transmission, or by the 
screen iirst becoming warm by the absorption of the rays, and 
then acting on the' thermometer by radiation. On this point 
there was long much difference of opinion, but the question 
has at length been put at rest by the able research of Melloni, 
made with a therm omultinliert an instrument which is capable 
nrindicatingextremely slight changes of temperature. He has 
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proved that siibstanccs differ in their power to transmit the 
rays of beat just as they differ in their action upon those of 
light. Some allow the rays of heat to pass through them 
readily and are called transcalent or diathermanouSy while 
others entirely intercept them, and are called intranscalent or 
adiathernianous. Several of the important conclusions esta- 
blished by him are as follows, viz. : 

1. Transcalent bodies are generally more or less transparent, 
but some, as black glass and black mica, are opake. The 
transparency and transealency of a substance, however, are 
not usually in the same proportion.' 

2. Transcalent bodies differ very much in their power to 
transmit the calorific rays ; and in glass and liqiiids those are 
generally most transcalent which reSract light most powerftilly. 

Rock-salt appears to transmit all the rays of heat ; and thii^ 
is the only substance yet known which is perfectly diatherma- 
nous. 

3. The proportion of heat transmitted through glass and 
other diathermanous substances, varies with the temperature 
of the source from which the rays emanate. The higher the 
temperature the greater is the proportion transmitted, except 
in the case of rock-salt, which is equally permeable to rays of 
a high or low temperature. 

The rays of heat like those of light may be refraoted; and some of tbcm 
being more refrangible than others, like the different colors of light, they 
may be separated from each other by means of th^ prism. — See DecompoaU 
tian of Light. ' ^ 

It has also been ascertained that heat may undergo double-refraction and 
polarization, in the same manner as light 

43. Theory of Radiation, — It is well known that several bo- 
dies, differently heated, placed in the vicinity of each other, and 
at a distance from any spurce.of heat, will gradually assume 
the same temperature. Two.theories have been pi:oposed to 
account for this transfer of caloric from the warmer to the 
colder body^one by Pictfet, and the other by Prevost of Geneva. 
Pictet's theory supposes that bodies of equal temperature do 
not radiate any caloric ; but when the bodies are of unequal 
temperature, the warmer give calorific rays to the colder, until 
an equilibrium is established, when the radiation ceases. 

But the theory of Prevost is the one generally adopted. This 
supposes that all bodies at every temperature are constantly 
radiating caloric to surrounding objects, and, of course, receiv- 
ing caloric from them in return. Consistently with this view, 
the temperature of a body falls whenever it radiates more heat 
than it receives ; its temperature is stationary when the quan- 
tities emitted and received are equal ; and it. becomes warmer 
when it receives more than it radiates. A hot body, surrounded 
by others colder than itself, affords an instance of the iirsf 
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case ; the second happens when all the substances within the 
sphere of each other's radiation are of the same temperature; 
and the third occurs when a body is introduced into a room 
that is warmer than itself. r 

44. An argument in favor of this theory is drawn-from the dose analogy 
which is observed between the la^ws of beat and light Luminous bodies 
of different intensity certainly exchange rays with one another, and the same 
is inferred to be true with regard to &e calorific ray^. • 

Indeed, there appears to be nq point of temperature at which caloric is 
not given out by bodies. . Even ice, which feels so cold to the touch, be- 
comes a source of heat in a chamber where the temperature of the air is at 
zero, and a body at zero would radiate caloric in an atmosphere at 40° below 
aero. 

This theory admirably explains all the ordinary phexiomena of radiation, 
hut it has been supposed to faiHn some few cases, particularly in an experi. 
ment originally performed by the Florentine Academicians, and since care, 
fully repeated with the same results by others. A ball of ice was placed'in 
the focus of a concave mirror, which occasioned a thermometer placed in 
the focus of another similar mirror standing opposite to it (35) to fall several 
degfees. At first it was supposed that rays of cold were actually emitted by 
the ice, but by a little examination it will be seen tfiat the phenomenon is 
a necessary consequence of Prevost*s theory ; aaln this case the.thermome> 
ter itself becomes the heiited body, from which heat is given off to the ice. 

45. Formation cf Detc. — An elegant application of this theory 
was made by Wells to account for the formation of dew. 
The most copious deposit of dew takes place when the weather 
is clear and serene ; and the substances that are covered with 
it are always colder than the contiguous strata of air, or than 
those bodies on which dew is not deposited. In fact, dew is a 
deposition of water previously existing in the air as vapor, 
and which loses its gaseous form only in consequence of being 
chilled by contact with colder bodies. In speculating, there- 
fore, about the cause of this phenomenon, the chief object is to 
discover ihe cause of the reduc;tion of temperature. The ex- 
planation proposed by Wells, in his excellent Treatise on 
Dew, and now almost universally adopted, is founded on the 
theory of Prevost. If it be admitted that bodies radiate at all 
times, their temperature can remain stationary only by their 
receiving from surrounding objects as many rays as they emit: 
and should a substance be so ^situated that its own radiation 
may continue uninterruptedly without an equivalent being re- 
turned to it, its temperature must necessarily fall. Such is be- 
lieved to be the condition of the ground in a calm starlight 
evening. The calorific rays which are then emitted by sub- 
stances on the surface of the earth are dispersed through free 
space and lost : nothing is present in the atmosphere to ex- 
change rays with them, and their temperature consequently 
diminishes If, on the contrary, the weather be cloudy, the 
radiant heat proceeding from the earth is intercepted by tb«* 



HEAT. 29 

ciouds, an interchange is established, and the ground retains 
nearly, if not quite, the same temperature as the adjacent por- 
tions of air. 

^. AlUhe fiicts hitherto observed concerning the formation 
of dew tend to confirm this explanation. Dew is deposited 
sparingly or not at all in cloudy weather ; all circumstances 
which promote free radiation are favorable to its deposition ; 
good radiators of heat, such as grass, wood, the leaves of plants, 
the filamentous substances in general, reduce their tempera^ 
ture, in favorable states of the weather, to an extent of ten, 
twelve, or even fifteen degrees below that of the circumambient 
air: and, while these are drenched with dew, pieces of polished 
metal, smooth stones, and either, imperfect radiators, are barely 
moistened, and are nearly as warm as the air in their vicinity. 

47. Wells has also shown that the formation of artificial 
ice in some parts of India depends upon the radiation of heat 
from the suiiace of tlie water. The nights which answer best 
for making this ice are clear and calm. The water is put in 
shallow pans, which are so placed that the heat fi^om the ground 
cannot readily penetrate them. The congelation is usually 
greatest just before sunrise; and as dew is copiously deposited, 
it is obvious that no evaporation can take place from its sur- 
face. Formerly it was supposed that the cold was produced 
by the evaporation from the surface, an explanation Which it 
seems must be given up as fallacious. 

48. The temperature at which dew begins to be deposited is 
called the dew-point, which, even when the air is saturated with 
moisture, will obviously be below the temperature of the atmo- 
sphere. In summer thi^ point is usually considerably above 
the temperature of ordinary spring-water, as is shown by the 
copious deposition of moisture upon the external surface ol 
vessels containing water recently drawn fi^om the well. 



SECTION II. 

EFFECTS OF HEAT. 

49. The phenomena that may be ascribed to this agent, and 
which may therefore be enumerated as its effects, are numer- 
ous. Omitting, however, at present, any remarks concerning 
Its influence upon animal or vegetable substances, it produces 
many Important effects upon inorganic bodies. 

50. The dimensions of every kind of niatter are regulated by 
3* 
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this princi{de. Its increase, with' few Jexceptions, se|)arates the 
^particles of bodies to a greater distance from oach other, pro- 
ducing expansion, so that the same quantity of matter is thus 
made to occupy a larger space ; and the diminution of heat 
has an opposite effect. Were the repulsion occasioned by this 
agent to cease entirely, the atoms of bodies would come into 
actual contact. 

51. The form of bodies is dependent on heat. By its increase, 
solids are converted into liquids, and'liquids are dissijMited in 
vapor; by its decrease, vapors are condensed into liquids, 
and these become solid. If matter ceased to be under the in- 
fluence of heat, aU liquids, vapors, and, doubtless even gases, 
would become permanently solid; and all motion on the sur- 
face of the earth would be arrested. ' „ 

62. When heat is accumulated to a certain extent in bodies, 
they shine, or become incandescent, O^i this important pro- 
perty depends all our methods of artificial illumination. 

53. Heat exerts a powerful influence over chemical pheno- 
mena. There is, indeed, scarcely any chemical action which 
is not in some degree modified by this principle ; and hence a 
knowledge of its laws is indispensable to the chemist. By its 
means bodies previously separate are made to combine, and 
the elements of compounds are disunited. . An undue propor- 
tion of it is destructive to. all organic and ^rnany mineral com- 
pdxmds ; and it is essentially concerned in combustion, a pro- 
cess so necessary to the wants and comforts of man. 

Of the various effects of heat above enumerated, several will, 
be discussed in other parts of the, work. In this place it is 
proposed to treat only of its influence over the dimensions and 
form of bodies, a, subject which will be conveniently studied 
under the three heads of expansion^ liqu^acHon^ and vapori' 
zation. 

EXPANSION. 

54. One of the most remarkable properties of heat is the re* 
pulsion which exists among its particles, a property which 
enables it, on entering into a body, to remove the integrant 
molecules of the substance to a greater distance from each 
other. The body, therefore, becomes less compact than before ; 
occupies a greater space, or, in other words, expands. This 
effect of heat is opposed to cohesion — ^tbat force which tends to 
make the particles of matter approximate; and which must be 
overcome before any expansion can ensue. Heat, therefore, 
should produce thie greatest expansion in those bodies which 
are least influenced by cohesion, an inferelice fully justified by 
observation. Thus the force of cohesion is greatest in solids, 
less in hquias, and least of aD in aeriform substances ; while 
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toe expansion of soMs. is trifling, that of liquids much 'more 
considerable, a^nd that of elastic fluids far greater. 

55. It may be laid down as a rule, the reason of which will 
now be obvious, that all bodies are expanded by heat, and the 
expansion of the same body increases with the quantity of heat 
which enters it That these remarks may apply, however, it 
is always to be understood that the form and chemical consti- 
tutiou of the body are preserved. If a change in respect to 
either of these be occasioned, then expansion may or may not 
take place, not as a direct effect of augmented .temperature, , 
but as the result of the change in form or composition. 

ft 

56. In proof of the expansion of solids, we need only take the exect 
dimensions, in lengrtli, breadth, and thickness, of any iiabmnce when cold, 
and measure it again while strongly heated, when it wHf be (band to have 
in<9Pea8ed in every direction. A familiar demonstration of the fact may be 
afforded by adapting a ring-tb an iron rod, the ibrmer being just largo 
enough to |)ermit the latter to pass through it while cold. The rod is next 
heated, and will then no longer pass through the ring. This dilatation from 
heat and cons^uent contraction in cooling takes pUce with a force which 
appears to be irresistible. 

57. The expansion of solids has engaged the attention of 
several experiiaenters, whose efforts have been chiefly directed 
towards ascertainins^ the exact quantity by which different 
substances are lengthened by a given increase of heat, and 
determining whether or not theif expansions are equable, at 
different temperatures. 

58. For low temperatures it has been satisfactorily deter- 
mined that the expansion of the more infusible solids is very 
uniform; they increase as much, for instance, when heated 
from 32'^ to 122^ as when heated from 122° to 212=>, but above 
this last temperature the rate of expansion increases. Indeed, 
from 32° to 1220 they probably expand in an increasing ratio, 
but the differences are so small as to escape observation. Dif- 
ferent solids do not expand equally when equally heated ; but 
when their temperSiture has been raised from 32^ to 212^, and 
allowed to fall again to 32°, they all recover precisely their 
original volume. " 

The following table exhibits the elongation of several substances when 
heated from 82° to 2 12°. 
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59. Knowing; the elongation of any substance for a given number of de- 
grees of the thermometer, its total increase in bulk may, in general, be cal 
culated by trebling the. number which expresses its increase iii length. 
Thus, if a tube of flint-glass is elongated y^^^^th, when heated from the 
freezing to the boiling point (^ water, its pubic space will be increased j^f^ 
or j^ of its former capacity^ It is scarcely necessary to remark that this 
rule is not strictly accurate, but when the expansion of 'any substance cor- 
responding to the observed increase of temperature, is a minute fraction of 
jts volume, the error in practice will be altogether insensible. 

60. This property of bodies, and particularly of the metalSj 
has been applied to various useful purposes in the arts. The 
iron band or tire of a carriage- wheel is made a Kttle smaller 
than the circumference of the wheel, but, beinjg expanded, is 
suflaciently enlarged^ to be slipped on ; and the immediate appli- 
cation of water prevents it from burning the woo4, and brings 
the iron to its original dimensions, causing it to grasp the wheel 
with great firmness. Other examples will suggest themiselves 
to the mind of the student. 

61. The expansions and contractions of bodies hy change of 
temperature also occasion some inconveniences.' The accurate 
movement of clocks depends upon the lefigth of their pendu- 
lums, which being sensibly affected by changes of temperature, 
they are made to go faster ii\ cold, and slower in warm 
weather. 

62. Brittle substances, when unequally heated, are often 
broken by the unequal expansions and contractions to which 
they are liable. The danger is greater if the substance is a bad 
conductor of heat, as is the case with glass, and particularly if 
it is thick. Hence, glass vessels that ar^ to be used about the 
fire, or with hot water, should be made as thin as is consistent 
with the requisite strength. 

Metallic or other instruments used for measuring length or 
capacity vary with change of temperature — a circumstance 
that sometimei^ occasions serious difficulty where very great 
accuracy of measurement is required. 

63. The expansion of liquids is readily shown by putting a 
common thermometer, made with mercury or alcohol, into 
warm water, when the dilatation of the liquid will be shown by 
its ascent in the stem. The experiment is, indeed, illustrative 
of two other facts. It proves, first, that the dilatation increases 
with the temperature; for if the thermometer be plunged into 
several portions of water heated to different degrees, the ascent 
will be greatest in the hottest water, and least in the coolest 
portions. It demonstrates, secondly, that liquids expand more 
than solids. The glass bulb of the thermometer is itself ex- 
panded by the hot water, and, therefore, is enabled to contain 
more mercury than before; but the mercury, being dilated to 
a much greater extent, not only occupies the additional space 
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in the bulb, but likewise risfes in the stem. Its ascent marks 
the difference between its own dilatation and that of the glass, 
and is only the apparent, not the actual expansion oPthe liquid. 
,64. Different liquids do not expand to the same degree from 
an equal increase of temperature: Ether expands more than 
alcohol, alcohol more than water, and water more than mer- 
cury. It is found by experiment that 1000 cubic inches of 
water at 32<^ when heated to 212^ become 1046 ; but 1000 cubic 
inches of mercury, by an equal elevation of tefmperature, ex- 
pand only to 1018 cubic inches^ 

All ex{)edmenters agrees that liquids expand in an increas- 
ing ratio, Or that equal increinents of heat cause a greater dila- 
tation at high than at low temperatures. Thus, if a liquid is 
heated from 32^ to 122^, it will not expand so much as it would 
by being heated from 122^ to 212^, though an equaJ number 
of degrees is added-in both cases. In mercury the first expan- 
sion is to the second as 14 to 15; in water as 4.7 to 15. 

65. There is a peculiarity in the effect of heat upon the bulk 
of some liquids; namely, that at a certain temperature increase 
of heat causes them to eontract,'and its diminution mak«s them 
expand. But this singular* exception to the general effect of 
heat, is observable in tnQse only which acquire an increase of 
bulk in passing from the liquid to the solid state, and is re- 
marked only within a few degrees of temperature above their 
point of congelation. Water is a noted example of it. Ice, 
except in the case of arwhor or ground ice, alw'ays swims U])on 
the surface of water, a circumstance which affords convincing 
proof that in freezing it must expand. The specific gravity of 
ice is about 0.92 ; so that water in freezing must expand about 
1-1 1th of its volume. 

This expansion takes place with an enormous force, the 
amount of which,, however^ has not been determined. 

66. But it is not merely during the act of congelation that 
water expands, for it begins to dilate considerably before it ac- 
tually freezes. Dr. Croune noticed, this phenomenon so early 
as the year 1683, and it has since been observe^ by various 
philosophers. It may be rendered obvious to any one by the 
following experiment. Fill a flask, capable of holding three or 
four ounces, with water at the temperature of 60°, and adapt 
to it a cork, through which passes a glass tube open at both 
ends, about the eighth of an inch wide and ten inches long 
After having filled the flask, insert the cork and tube, and poui 
a little water into the latter till the liquid rises to the middle oi 
it. On immersing the' ffask inl^o a mixture o^pounded ice and 
salt, the water will fall in the tube,, itiarking contraction ; but 
in a short tim6 an opposite mdvement will be perceived, indi- 
cating dilatation; though the water within the flask is at the 
same time yid^ling iieat to the freezing mixture in which it is 
immersed. 
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67. To the inference deduced from this experiment, it has been objected 
that the ascent of the watier in the tube does not arise from any expansion 
in the liquid itself, but from a contraction of the flask, by which its capacity 
is diininisl^ed. In fact, this cause does operate to a certain extent, but it Is 
by no means sufficient to account for the whote effect ; and, aecordiogly, it 
has been 'pr(^ed by an elegant and decisive experiment of Hope, that 
water does really expand previous to congelation. He believes the greatest 
density of water to b^ between 38.5*^ and 46° ; that is, boiling water obeys the 
usu^l law till it has cooled to the temperature of about 40°, after which the 
abstraction of heat produces increase instead of diminution of volume. Ac- 
cording to Johnston, {Report on Ch^nistry to the British Association^ 
1836,) the greatest density of water is at 39.24°. 

68. The cause of the expansion of water at the moment of 
freezing is attributed .to a new and peculiar arrangement of its 
particles. Ice is in reality xiry^talized water, and during its 
formation the particles arrange themselves in ranks arid lines, 
which cross each other at angles of 60° and 120^, and conse- 
quently occupy more space than when liquid. This may be 
seen by examining the surface of water while freezing m a 
saucer. No very satisfactory reason can be assigned lor the 
expansion which takes place previous to congestion. It is 
supposed, indeed, that the water begins to arrange itself in the 
order it' will assume in the solid state before- actually laying 
aside the liquid form ; and this explanation is generally ad- 
mitted, not so much because it has been, proved to be true, but 
because no better one has been offered. '. 

69. This explanation appears very plausible, especially when viewed in 
connection with another theory which, irdweyer, it is believed, has never 
been published. It is well known that, in certain situations, a kind of iqe 
called anchor or ground ice forms at the bottom of bodies of water, instead 
of the surface, as is always the case with common ice. This ice possesses 
little if any tenacity, and, it is said, appears to consist entirely of minute 
crystals, wiiich have been supposed to be the primary crystals of water. 
Separately, they are supposed to possess a higher specific gravity than 
water, but, when aggregated- accoi^ding 'to the law stated above, at angles 
of 60° and 120° to form common ice, oh account of the interstices necessa- 
rily left among them, the' volume is so increased as to diminish the specific 
gravity to the point we usually witness. — (Manuscript Notes of Professor 
Cleaveland's Lectures in Bbwdoin College^ in the year 1832.) 

70. There ai-e other facts bearing on this question. An alloy called 
Rose's fusible metal,. fi>rmed by melting together 2 parts of bismuth, 1 of 
lead, and 1 of tin, fuses at about 200^, but its point of greatest density is at 
155i^o. When heated above 32^ it expands till the temrperature rises to 
110|^; it then begins again to contract till heated to the point of greatest 
density above mentioned. These facts might seem to require some different 
explanation, but it Is known that even in the solid state the particles of 
bodies sometimes undergo a g^eat change in their crystaline arrangement 

Several other substances expand when they pass from the 
liquid to the solid state, among which cast-iron, bismuth, and 
antimony are usually mentioned. Mercury is a remarkable 
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instance of the -reverse; fer when it freezes it suffers great con- 
traction. The salts also expand as they crystalize. 

71. The Qiost important effects result from this remarkable 
property of water which has. just been described. If the 
density of water continued, to increase until it arrived at the 
freezing point, as is the case with mercury and other liquids, 
ice would be heavier than water, and asf soon as formed would 
subside to the bottom in successive flakes, until the whole of 

' the water, however deep, would become solid. The effects of 
such an arrangement can be easily conceived. Countries, 
which, in the present state of things, are the delightful abodes 
of innumerable animated beings, would be rendered uninhabi- 
table, and must inevitably become dreary and desolate wastes. 
But, since water expands previously to ks freezing, as well as 
during this change, ice. is. lighter than* watQi-y-and floats upon 
its sur&ce, protecting the water from the further influence of 
frost. 

72. As the particles of air and Aeriform substances are not 
held together by cohesion, it follows that increase of tempera- 
ture must occasion in them considerable dilatation ; and, ac- 
cordingly, they are found to dilate by a given addition of heat 
much more than sdids or liquids ; and further, that the expan- 
sions, for equal increments of caloric are uniform at every tem- 

■ perature. It' has been fully .established by the investigation of 
several philosophers, that every gas, in a perfectly dry state, 
expands about ^ of its volume at 32^ for every degree it is 
heated above this point. Hencey 100 parts in being heated from 
32° to 212° will become 137.5 parts. This point being esta- 
blishedy'the mathematician will easily determine, by a simple 
arithmetical operation, the volume any given quantity of gas 
should occupy, at any given temperature. 

The moat important efifecta resalt from the expansions and contractions 
of atmospheric air, by chancres of temperatvre. To these changes we are 
indebted for the currents in the air which constitute winds ; for the ventila- 
tion of our rooms, and lor the ascending currents in chimneys and stoves. 

73. Tliermometers, — The idea of measuring the intensity of 
heat seems first to- have been entertained, by Sanctorio, a pro- 
fessor of philosophy of Padua, Italy, early in the seventeenth 
century. To accomplish this object he made use of the expan- 
sive effect of heat upon atmospheric -air ; and the thermometer, 
or thermoscope, (as it was then called,) whigh he constr acted, 
consisted simply of a glass tube with a bulb blown at one ex- 
tremity, and in verted, in a vessel of colored water or other 
liquid. By applying a slight heat to the bulb, a portion of 
the air was forced out ; and when it returned to its original 
temperature the liquid of course rose and filled a part of the 
tube. In this state it would indicate- changes of temperature 
in the atmosphere with great delicacy) the alternate expansion 
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and cantraction of the confined air teing rendered visible hj 
[tie cprrespondtng descent and ascent ofthe colored liquid in 
the tube. 

74. The material used in ita construction also, is peculiarly 
approjjriate ; because air, like aB gases, expands uniformly by 
equal increments, of heat. There are, hpwever, two fbrcibfe 
objections to the general employment of .this thermometer. 
In the first place, its dilatations and contractions are so great 
that It Is inconvenient to measure them when the change of 
temperature is considerable ; and, secondly, its movements are 
Influenced hv pressure as well as by heat, so that the inslru-. 
ment would oc affected by variations ofthe barometer, though 
the temperature should be quite stationary. 

i^g. ^ 75! For these reasons, the common 

. air-thermometer Is rarely em^oyed; 
) but 9 modification of it, described in 
1804, by Leslie, in his Essay on Heat, 
under the name of DifferOiti^l Titer- 
mometer, is entirely free from the list 
objection, and is,, admirably fitted for 
some, special purposes. This instru- 
ment was invented about a century and 
a half ago by "Sturmius, professor of 
mathematics at j\ltdorff, but like other •. 
air-thermometers it had fellen into dis- ^ 
use, till it was again brought into notice 
by Leslie. As now maite,' It consists 
of two thin glass balls joined together 
by a tube, bent twice at a right angle, 
as represented In the annexed figure. 
Both balls contain air, but the' greater 
'^ part of the tube is filled with sulphuric 
acid coloured with carmine. IJ. is obvi- 
ous that the instrument cannot be af^ 
fected by any.cJiange of .temperature 
acting equally on both balls ; for as long 
as the air wfthin them expands or con- 
tracts to the same extent, the pressure on the opposite surfaces 
of the liquid, and consequently its position, will continue un- 
changed. Hence the differential thermometer stands at the 
same point, however the temperature of the medium may vary. 
But the slightest difference between*the ternperature of the 
two bolls will instantly be detected [ for the elasticity of the 
air on one side being then greater than that on the other, 
the liquid will retreat from the ball whose temperature is 
highest 

Still another modi^ation of this instrument was introduced 
some jfears since by Dr. Howard of Baltimore. He substi- 
tuted ether for sulphuric acid ; and having expelled the lUr by 
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boiling the ether, the tabe was hermeticallir setf ed. ' The *bulbs 
are therefore filled with the vapor of ether, whidi Is vastly 
more sensitive than atmospheric air. 

76. Solid sabstances are' not better suited to the construction' 
of thermometers than ^cuses^ for while the expansion of the 
latter is too great, that of the former js so small that it cannot 
be measured except by 'the adaptation of complicjsited ma- 
chinery. Liquids. which expand more than the one and lesd 
than the other, are exempt from both extremes; and, conse- 
quently, we must search among them for a material with which 
to construct a thermometer. The principle of sdection is plain. 
A material is required whose expansions are uniform and whose 
1 toiling and^freezing points -are very remote from each other. 
Mercury fulfils these -conditions better, than any other liquid. 
No fluid can support a greater degree of heat without boiling 
than mercury, and none, excefpt alcohol and ether, can endure 
& more intense cold without (x'eezing. It has, besides, the ad- 
ditional advantage, of being more sensible to the action of heat 
than other liquids, 'while its dilatations between 32^ and 212° 
are almost perfectly uniform.. Strictly speaking, the same quan- 
tity of heat does occasion a greater dilatation at high than at 
low temperatures, so that, like other fluids, it expands in an in- 
creasing ratio. But it is remarkable that this ratio, within the 
limits assigned ,'\ is exactly the same as that of glass; and^ 
therefore, if contained in a'^Iass tube, the increasing expansion 
of the vessel compensates for that of the mercury. 

77. It will be anifecestary here to give a minute description of th^ 
method of making thernfometers, as, at the present day, they can be every- 
where obtained at a Very moderate price. ** Besides, the construction, 
though simple in theory, is difficult in practice. * It reqaires great tact and 
dexterity to produce one df very modemte goodness ; and without steadily 
watching the process as performed by another, or previously possessing 
much practical knowledge in g^hiss-blowing, &rC., it would be a vain at- 
tempt." — Fafaday*$ Chemieal Bianipulati&nf p. 144. 

78. Ordinary thermometers consist sk&ply of a glass tube of 
an exceedingly small bore with a bulb blown at one extremity, 
and filled with mercury to about pne-third the height of the 
stem. The air being expelled, the tube is hermetically sealed, 
and the freezing point ascertained by holding it a short time 
in water containing ice, and the boiling point by holding it in 
the same mianner in boiling water. It is necessary that these 
two points should be accurately determined, in order that the 
indications of different ihstlrumentsmay be compared with each 
other. , 

79. Having determined these points, the intervening space is 
to be divided into equal parts, called degrees; and in fixing 
upon the proper .nuniber, regard tp convenience alone would 
seem to be our guide. Unfortunately there have been different 

4 
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opinions with refrard to this poinf, and jio lesd than three dif> 
ferent scales are in use. In Fahrenheit's thermometer, which 
is chiefly used in this country and in England; the space be- 
tween the freezing and boiling points of water is divided ipto 
180 parts,- and th^ zero is pjaced 32 degrees below the freezing 
point, so that the boiling point Is at 2l2. In the centigrade 
thermometer, which is generally used in France", the space is 
divided Into 100 parts, zero being at the freezing point, and of 
course the boiling point is sii 100. In Reaumur's thermojoaeter 
the beginning of the scale or zero is at the freezing point, but 
the boiling point is at 80. This thermometer is used in Ger- 
many and Russia. 

But the numbers 180, 100, and 80, which severally represent 
the number of degrees on tbe above scaJeS, are to each other 
as 9, 5, and 4. Recollecting, therefore, that the zero of Fahren- 
heit is 32 degrees below that of the other scales, the expert 
arithmetician will find no diflSculty in reducing the degrees of 
one scale to those of another. ■ .\ 

81. Below zero of each of the scales, arid above the boiling 
point, degrees- are usually marked of precisely equ^ magni- 
tude with those of other parts of the scale. Tenjperatures 
below zero are usually indicated by placing a horizontal line 
before the figures representing the degrees. Thus — 12°.means 
12 degrees below zero on the scale used. But it will readily 
be seen that a liquid cannot be used to indicate temperatures 
below its freezing and above its boiling point. Hence,, for 
temperatures below — 39*^, at which mercury freezes, alcohol 
th^mometers are always used; but np liquid can sustain a 
temperature above that of boiling merpury, • which is about 
662<^. And as mercury itself expands in an increasing ratio 
as the temperature rises, the indications of the mercurial ther- 
mometer above 212° cannot be altogether relied on. Alcohol 
may be used for any degree of cold yet obtained ; for though 
the common alcohol of the shops is readily fFozen at very low 
temperatures, yet in a state of perfect purity it has recently 
been subjected to a cold of — 146°, by Professor Mitchell. of 
Philadelphia, without being congealed,. 

82. Numerous modifications of the thermometer have ap- 
peared at different times, some of them exceedingly curious 
and adapted to. particular purposes ; but we will stop to de- 
scribe a single one only. For many purposes, especially making 
meteorological obsiervations, it is often very desiraSle to ascer- 
tain the highest and the lowest temperature which has occurred 
in a given interval of time, during the absence of the observer. 
Aa instrument which is now much used for this purpose, called 
a Register Therrnameter^ was invented by Rutherford of 
Edinburgh. It in fact consists of two thermometers with sepa- 
rate scales upon the same piece of wood or jnetal, as seen in 
the accompanying figure. The stems of both are bent at right 
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angle;^ a little distance from the bulb, so as to be conveniently 
placed ih a' horizontal position. The thermometer for ascer- 
taining the lowest temperature is ipade with alcohol, and in the 
spirit- near its sur&oe in the stem is immersed a cylindrical 
piece of enamel or iyory, of such size as. to move freely in the 
tube. When the spirit contracts by exposure to cold, the small 
cylinder is drawn towards the bulb owing to its adhesion to 
•the liquid ', but, on e^^panding, the spirit passes readily beyond 
it, leaving it at the extreme point to which it had been drawn 
by the previous contraction. 

For registering the Mghegt tempe.Hrture, a common mercurial 
thermometer of the same form as the preceding is employed, 
having a small cylindrical 4)iece of black enamel or polished 
steel at the surface of the mercury. When the mercury ex- 
pands, the enamel is pushM forward ; and, aS the stem of the 
thermometer is placed hdrizontdlly, it does not recede when 
the mercury contracts, but- remains at the spot- to which it had 
been conveyed by the previous dilatation. The enamel in the 
mercurial and the ivory in the spirit thermometer, are easily 
restQred to their places by sHght percussion when held a little 
inclined. . > 

83. Pyrometcr^.-^Instruments far measuring intense degrees 
of heat are galled pyrofneterar, and must be formed either of 
solid or gaseous substances. The former alone have been 
hitherto employed, though the latter, from the greater uni- 
formity with which they expand, are better calcuSted for the 
purpose. The action of most pyrometers depends on the 
elongation of a metallic bar by heat, which seems very simple, 
butin their consti^uction several difficulties are to be encoun- 
tered at the outset, which seem almost insuperable. A metal 
is required which is sufficiently infusible, capable of withstand- 
ing the action of fire, and of uniform expansibility ; .and besides 
this, at high temperatures it is- found very difficult to measure 
tiiese expansions with sufficient ^accuracy. 

The best pyrometer hitherto constructed is that of Daniel of London, 
"which may be used with Jkcility and appears susceptible of gpreat pre- 
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cision. It consists of alMir of plattnnra or soft iron, so placed in a case of 
black-lead earthenware, that when exposed to. a high temperature, the bar, 
expanding more than the ca^, pushes forward an index of porcelain. The 
expansions of the bar probably are not strictly uniform at different tempera- 
tures, but still th^ afford a good practical index of the relative intensity of 
different fires, and willlM an exact measure of temperature when the pr^ 
cise rate of expansion shall have befen determined* / 

The pyrometer of Wedgevood, to which reference is ofieii made in books 
of science, acts on a different prinoiple ; but as it is no longer tised, in con- 
sequence of its great inaccuracy, no description of it is giveiv 

.. -» 
LIQUEFACTION. . * 

84. All bodies are either solid, Ilqiud, or gaseous ; and the 
form they assume depends on the relative intensity of cohesion 
and repulsion. Should the repulsive force be 'comparatively 
feeble, the partiole;^ wilt adhere so firmly ^together, that they 
cannot move freely upon one anotiier,thus constituting a solid. 
If cohesion is so far counteracted by repulsion ihat the particles 
move on each other freely,, a liquid is formed, and, should the 
cohesive attraction be entirely overcome, so that, the particles 
not only move freely on each other, but would, unless restrained 
by external pressure, separate from one another to an ihdefi? 
nite extent, an aeriform substance wiU be produced. 

85. Now the property of T^pulsioli is manifestly owing to 
heat; and as it is easy within certain lipiits to increase or di- 
minish the quantity of this principle in any substance, it foUows 
that the forms of bodies may be made to vary at pleasure: 
that is, by heat sufficiently intense every solid may be converted 
into a liquid, and every liquid into vapor. This inference 
is so far justified by experience that it may justly be considered 
as a law,... The converse ought also to be true, and, accord- 
ingly, several of the gases have already been condensed into 
liquids by means of pressure, and liquids have been solidified 
by cold. The temperature at which liqurfaction takes place is 
called the melting point, or point t)if fusion ; and that. at which 
liquids- solidify, their freezing point, or point of congelation. 
Both these points are different for different substances, but 
uniformly the same, under similar clrcuoistanpes, in the same 

^ody. ; 

86. The most important circumstance relative to lique&ction 
is the discovery of Dr. Black, that a large quantity of heat dis- 
appears, or becomes insensible to the thermometer, during the 
process. If a pound of water at 32° be mixed with a pound 
of water at 172°, the temperature of the mixture will be inter- 
mediate between them, or 102°. But if a pound of water at 
172° be added to a pound of ice at 32°, the ice will quickly 
dissolve, and on placing a 1;heni;i6meter in the mixture, it will 
be found to stand, not at J02°, but at 32^ In this experiment, 
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the pound of hot water, which was ori^ally -at 172'^, actually 
loses 140^ of heat, all of which enters into the ice, and causes 
its liquefacCton, without affecting its temperature; whence it 
follows that a quantity of heat becomes insensible during the 
melting of ice, sufGicient to raise the temperature of an equal 
weight of water iQr 140*^. This explains the well-lcnown fact, 
on which the graduation of the thermometer depends^ — that 
the temperature of melting ice and snow never exceeds 32°. 
All the heat which is added becomes insensible, till the lique- 
faction is comptete. 

87. TheJOss of sensible heat which attends liqurfaction ^eems 
essentially nepessary to the change, and for that reason is fre- 
quently called the heat ofjlvddity. The actual quantity of heat 
required for this purpose varies with the substance, as is proved 
by theffoUowing result "obtained by Irvine. . The degrees indi- 
cate the extent to Which an equal weight of each material may 
be heated by the heat of fluidity which is proper to it 



7 Heajt <tf Fluidity^ 

Sulphur ; . ;.14a68^ F. 

Spermaceti. . .^. . ..145° 

Lead... ....162 ' , 

Beeswax \76 



HeatofFluidiiy. 

Zinc... 493° P. 

Tin, 600 

Bismuth....^ 550 



Thai a large quantity of caloric is absorbed during the melting of ice 
may be shown very iBatisfactorily by the following familiar experiment : — 
Let aqunntity of iceor snow be exposed to a unirorm fire, and the nQmber 
of seconds noted that are required for it to melt, and also the further number 
of seconds, that elapse before it begins to boil. Now as the beat is supposed 
to be uniform, the quantities of caloric absorbed will be as the times ; and 
we shall therefore have the ratio of the quantity of caloric required to melt 
the ice, to the quantity required to raise the temperature of the water, (after 
the ice is melted,) ta its boiling point Th^ limes. wiU be found about as 
140tol80, or7 to9. 

t 

88. Liquefaction is generally" produced by the direct appli- 
cation of heat, but this is not always necessary; and the great 
absorption of caloric becomes still more evident when it can 
be effected by other means. Examples of this kind are furnished 
in freezing mixtures, m which liquefaction more or less rapid 
is produced by ^e affinity of trie substances . used for each 
other. Thus wben snow and cpmmon salf are mixed together, 
in consequ^^nce of their affinity' for each other, *they combine 
rapidly, passing af the same time from the ' solid to the liquid 
form, and producing intense cold by the absorption of caloric 
from surrounding objects. A miixture of snow and chloride 
of calcium produces much greater cold ; and many other mix- 
tures may be used for this purpose, even without any snow or 
Ice. Indeed caloric is always absorbed during the. solution of 
a salt ; and the amount of the absorption, ahd, of course, the 
4* ' 
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intensity of the cold produced, will depend upon the rapidity 
with which the solution takes place.* 

89. The fact' is therefore clearly established that solids in 
changing to liquids, absorb caloric; and, of course, when 
liquid^ congeal; caloric must' be given put : — the caloric that 
was before absorbed now becomes sensible. This is not merely 
a deduction of theory ; it i& supported 1t>y facts. The freezing 
point of water is at 32°, but by keeping it very tranquil it may 
be cooled down to 21^ and even lo'^ejr; bvA, as soon as con 
gelation commences, the temperatnre rises to.32'^ in conse- 
quence of the caloric which is. g[iven out by the portion which 
has become solid. Saturated solutions of several of the salts 
made at elevated temperatures, upon being slowly cooled, ex- 
hibit the same phenomenon. 

A beBtitiful experiment may be perforfned -hy dissofving two lor 'three 
parts of sulphate of soda in one pait of hot water, and setting it aside in a 
closely corked vial till it cools. If 'now the oopk is remoTed, pr the vessel 
violently agitated, the Vsalt will immediately crystalize, and a &ermometer 
placed in it will rise several degrees. 

90. We cannot bul notice here the beautiful and unexpected 
manner by which nature, to $ome extent at leasts checks the 
cold of winter, 'which might otherwise be destructive. .The 
cold atmosphere causes large quantities of water to congeal, 
but at the same time heat is given -out which without question 
prevents so great a reduction of temperature as' might, but for 
this circumstance, be experienc^ed. 

■ The peculiar means by which the temperature is limited in 
the opposite directipn, will be noticed more appropriately in 
another place. 

91. The important facts noticed above are beautifully ex- 
plained by a theory proposed by Dr. Black. He supposes 
caloric to etistin two stEites, ?afcn^ or combined, and free or un- 
cowbined. When a sofid becomes liquid, he supposes a quantity 
of caloric combines with that* substance, and thus becomes 
latent or insensible and incapable of acting on the thermometer ; 
and therefore liquefaction always takes place gradually. Oa 
the other hand, when a liquid is cooled down to a certain point, 
it parts with tts caloric of^^fluidity, which now beconles sensible, 
and takes the solid form, . 

92. The -greatest cold yet produced by means of fi-eezing 
mixtures, is something less than lOO degrees below zero, but 
by means of solid carbonic acid and ether, under an exhausted 
receiver, a temperature has been attained ds low as — 166 de« 
grees. Nothing, however, seectis as yet to be determined con- 
cerning the absolute zero ; nor is it supposed to.be possible, to 

deprive a body entirely of its caloric. 

^■— 111 i " I ■ I I I I I 

* Numerous recipes for forming freezing mixtures, both withund without 
ice or snow, are given in more extended works on chemistry, to/which the 
intelligent student is referred. 



vaporization; ' 

93. Aeriform substances cure commonly (^ vided into vapors 
and gases. The character of the former is that they inay be 
readily converted into liquiclsor solids, either by a moderate 
increase of pressure, the temperature at which they^ weroformed 
remaining, the saogie, or by a moderate' diminution of that tem- 
perature, without change of pressure. 'Gases^ on the <^ontrary, 
retain their elastic state -more obstinately; they are always 
gaseous at common temperatures, and, with one or two excep- 
tions, cannot be made to change their form, unless by being 
subjected :tb much greater pressure than they are jiatarally 
exposed to. SeverS of theid, indeed, have hitherto resisted 
every effort to-coippress them into liquids. 'The- only -difference 
between gases and vapors is in the relative forces wiUi which 
they resist cd^densatiQU., 

94. Heat ap^ars fo be the cause of vaporization, as well as 
of liquefaction ; dnd a jsufficiently intense heat would doubtless 
convert every liquid and solid into vapor. Some bodies, how- 
ever, resist the strongest heat .of our furnaces without vapor- 
izing. These are said to \i% fixed in the. fire: those which, 
under ,the same circun^stances, are converted into vapor, are 
called volatile, ,. 

95. The disposition of various substances ta yield vapor is 
very different ; and the difference. depends doubtless on the 
relative power of cohesion 'with which they are endowed. 
Liquids are, in generail, more easily vaporized than solids, as 
would be expected from the weaker cohesion of the former. 
Some solids, such as arsenic ahd sal ammpniac, pass at once 
into vapor without being liquefied; but most of them> become 
liquid before assuming th^ elastic condition. . "' 

.96. Vapors occiipy more space than the , substances firom 
which they were produced. . Gay Lussac found that water in 
passing into vapor from its point of greatest density, expands 
to 1696 times* its volume, alcohol to 6^9 times, and ether to 443 
times, ^ach vapor being at a temperature of 21 2° F. and under 
a pressure of ^9.92 inches of mercury; This shows that vapors 
differ in density. Watery vapor is lighter than air at the same 
temperature and pressure, in the proportion of 1000 to 1604; or 
the density of air being 1000, that of watery vapor is 625. The 
yapor of alcohol, on the contrary, is half as heavy again as air ; 
and that of ether is more than twice and a half asi heavy. 

97. Vaporization may, perhaps, "be. more conveniently studied 
under the two heads. Ebullition "and Bvdporatimi. In the first, 
the production of vapor is usually beneath the surface where 

*-Accordin|f to Donovan (Chemistry, page 52,) \eater in paBsing into steam 
expands 1719 times, the water biding supposed to be at BO and tne steam at 
212°. Ordinarily we may say a cabic uuch oi water will form a cubic foot 
of steam. 
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the hoat is applied, and is so rapid that Sis escape through the 
liquid gives rise to a visible commotion in it; in the second, it 
passes off quietly and insensibly from the sudace. 

98. t^bullition, — The temperature at which vapor rises with 
sufficient freedom for causing the phenomena of ebullition is 
called the boiling point. The heat requisite for this effect varies 
with the nature 'of the fiquid. Thus, sulphuric^ ether boils at 
96*^, alcoRol at 176, and pure water .at 212; white oil of tur- 
pentine teust be raised to 316^, and mercury fo 6i52, before either 
exhibits marks of ebullition. The boiling point of the same 
liquid is constant, so long as the necessary conditions are pre- 
served ; but it is liable to be affected by several circumstances. 
The nature of the vessel has some influence upon it. Thus Gay 
Lussac observed that pure water bojls" precisely at 212^ in a 
metallic vessel, and at 214° in one of glass,' owing apparently 
to its adhering to glass more powerfully than to a naetal. It is 
likewise affected by the presence of foreign particles ; when a 
few iron filings are thrown into water, boiling in. a glass vessel, 
its temperature quickly falls'from 214° to 212, and remains sta- 
tionary at the latter point." But the circuihsta'nce which has the 
greatest4nfluence over th6 bailing point of liquids is variation 
of pressure. All bodies upon the earth are constantly exposed 
to considerable pressure; for the atniosphere itself presses with 
a force equivalent to a we^ht of 15 pounds on every square inch 
of surface. Liquids are exposed to this^ pressure as well as solids, 
and their tendency to take the -form of vapor is very much coun- 
teracted by it. hi feet, they cannot enterJnto ebullition at all, till 
their particles have acquired such elastic force as enables them to 
overcome the pressure upon their surfaces ; that is, till they press 
agaipst the atmosphere with the same force as the atmosphere 
against them.. Now tlie atmospheric pressure is variable, and 
h^ce it foUOws that the ^boiling point of liquids must also vary. 

99. Th^ pressure of the atmosphere Is equal to a weight of 15 
pounds on every square inch of surface, when the barometer 
stands at- 30 inches,' and then only does watpr boil at 212°. 
If the pressure be less, that is, if the barometer fafl below 30 
inches, then th^ boiling point of water, and other liquids. Will 
be lower than usual ; or if the barometer rise abovQ.30 inches, 
the temperature of ^buHition will be proportionally increased. 
On this account water boils at a lower temperature on the top 
of a hillthan in the valley beneath it; for as the column of air 
diminishes in length as we ascend, its pressure must likewise 
suffer a proportional diminution. The «*atio between the de- 
pression of the boiling point and the diminution of the atmo- 
sphere is so exact that it has been proposed as a method for 
determining the height of mountains. An elevation of 530 feet 
makes a diminution of one degree of Fahrenheit 

100. The influence of theatmosphere over thepoint of ebullition 
Is best shown by removing its pressure altogether. It is found 
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that in a perfect yactium liquids boil at a temperature 140 de- 
grees lower than inthe open air. Thus water boils in a vacuum 
at 72^, alcohol at 36^, and ether at —46®. A liquid, therefore, is 
not necessarily hot because it boils;, but the particular tempera* 
ture required -to produce this' effect- will depend upon circum- 
stances, as seen above. - ' *^ . 

Fig.- 6. The effect of diminished atmoepheric pressure may 

also be sho^n by 'filling a Florence flask about half 
iull of /water, and caosinur it to boil a minute briskly 
over a spirit-lamp, so as to expel entirely the air con- 
tained, in it. If now a cork be firmly pressed into the 
neck of the flask,, and the lamp instantly removed, the 
v^ater will continue to boil in consequence of that di- 
n^inished pressure occasioned by the condensation of 
the ateam abQve the water. ^ If &e flask be immersed 
in cold water or saoXv, or ice be thrown upon it above 
the. water, the steam will be c^Sndensed more rapidly, 
and the boiling will be "more violent. 

,Wben the contents of the flask have become entirely 
cold, oh agitating *it, the water will be observed to 
strike the inside of the glass like shot or hail, or it 
may be thrown froiii'eide ,to side in .an unbroken mass 
like a solid. This is occasioned by there being no 
^atmosphere within to break the mass into foam as is 
nsually the case. . ^ . ' . 

101. Water cannot be heated under common circumstances 
beyond 212° ; because ft then acquires such expansive force 
as enables it to overcome the atmospheric pressure, and fly oflf 
in the forln of vapor. 'But if subjected to sufl&cient pressure^ it 
may be. heated to any- extent without boiling. This is best 
done by heating water while confined in a strong copper ves- 
sel, called Papin's digester. In this apparatus, on the applicd- 
tion of heat, a large quantity of vapor collects above the water, 
and checks ebullition by the pressure which it exerts upon the 
surface of the liquid. There is no Bmit to the degree to which 
water may th.ua be heated, provided the vessel is sjtrong enough 
to confine the vapor ; but the expansive force of steam under 
these circumstances is so enormous, as to overcome the greatest 
resistance. ' ^ ' , 

It has been determined by experiment that the tension of 
steam is equal to two atmospheres at about 250°, three atmo- 
spheres at 276^, and four, at aijout 293.7P. To produce a pres- 
sure of twenty-five atmospheres, a temperature of 439° only is 
required. This would be about sufficient to melt.-tin. 

102. The elasticity of steam is employed as a moving power 
in the steam-engine. The construction of this machine depends 
on two properties of steam, namely, the expansive force com- 
muhicated to it by heat, and its ready conversion into water 
by cold. (The eflfect of both these properties is well shown by 
a little instrument devised by WoHaston. It consists of a cylin- 
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drical glass tube, six inches long, iiearly an inch wide, and 
blown out into a sp}ierical enlargement at one end. A piston 
is accurately fitted to the cylinder, so as to move up and down 
the tube with freedom.- When the piston is at the bottom of 
the tube, it is forced up by causing a portion of water, previ- 
ously placed in the ball, to boil by means of a spirit-lamp. On 
dipping the half into cold water, the steain which occupiea the 
cylinder is suddehly condeoced, and the piston forced down by 
the pressure of the air above it. ' By the alternate application 
of heat and cold, the same movements are reproduced, and may 
be repeated for any length of time. 

The moving power of the steam-engine is the same as in 
this apparatus. The only essential difference between them is 
in the mode of condensing the steam. Inr a st^am-engine, the 
steam is condensed in a separate vessel, called the condenser, 
where there is a regular supply of cold water for' the purpose. 
By this contrivance which constitutes the great improvement 
of Watt, the temperature of the <;ylinder. never falls below 212 
degrees. 

103. The formation of vapor is attended, like liquefaction, 
with loss of sensible heat. This is proved by the well-known 
fact that the temperature of steam is precisely the same as that 
of the boiling water 'from which it rises ; so that all the heat 
which enters into the liquid is «olely egaployed in converting 
a portion of it into vapor, without affecting the temperature 
of either in the slightest degree, provided the. latter is permitted 
to escape with freedom. The heat which then becotnes latent, to 
use the language of Black (91), is again set free when the vapor 
is condensed into water. The exact quantity of heat rendered 
Unsensible by vaporization, may, therefore, be ascertained by 
condensing the Vapor into cold water, and observing the rise 
of temperature which i&nsueS. From experiments conducted 
on this principle, itappear^ that ste£un of 212^, in being con- 
densed into water of 212°, gives out as much heal as would 
raise the temperature of an equal weight of water, by 950 de- 
grees, all of which had previously existed in the vapor without 
bein^ sensible to a thermometer. 

104. The process of distillation consists simply in evapo- 
rating a substance and again condensing the vapor by causing 
It to come in' contact with a cold sur&ce. This is usually 
accomplished by having a tube of considerable length lead- 
ing from the top pf a close boiler and passing in the form 
of a spiral through a vessel which is kept filled with cold 
water. 

Di^tiUation on a. email scale may be very well performed in a glass 
alemhie^ by means of a spirit-lamp, as represented in Fig.- 7. The body of 
the alembic a is to receive the liquid to be distilled, and the capital e is 
so constructed that any liquid which- is condensed in it does not again 
descend to a, but passes into d the receiver. The vapor is formed in a by 
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By this process Tola- 
tile substances, whether 
liquid or solid, may be 
separated from those 
that are fixed; or even 
\ from such iis are leas 
Tolatile than themselFes. Water is distilled to purify it from 
salts or other substances It may contain in solution or suspen- 
sion ; and alpohol by distillation is separated from water vhich 
is lesa-volatlle than itself as well as from fixed substances. 
When the leas Volatile substance, is retained, the term condensa- 
tion Js generally used. Thus the condensation of sulphuric 
acid consists merely jn the expulsion of the water it ctmtains 
by heat 

The term st&limatioh fs generally used when a solid is sub< 
jected to this process Thus sulphur, vermilion, and corrosive 
sublimate, are purified bysublimallon, which, howeverrin prin- 
ciple is precisely the same as' the distillation of a liquid.- Bnt 
the terms are in some eases used synonymously. 

105. Evaporation. — Evaporation as well as- ebullition con- 
sists in the formation of vapor, and the only assignable dif- 
ference between them is that the one takes fdace quietly, the 
other with the appearance of boiling. ■ Evaporation occurs at 
common temperaturea This fact may be proved by exposing 
water in a shaliorf-'vessel to the air for a fewdays,-when it will 
gradually diminish, and at last disappear entirely. Most liquids, 
if not all of them, are susceptible of this gradual dissipation; 
and it may also be observed in some solids, as for example in 
camphor. Evaporation is much more rapid in some liquids 
than in others, and it is always found that those which have 
the lowest boiling point evaporate with the greatest rapidity. 
Thus alcohol, which- boils at a lower temperature than water, 
evaporates also more freely ; and ether, whose pcfct of ebulli- 
tion Is yet lower than that of alcohol, evaporates with still 
greater rafridity. 

The chief circumstances that influence the process of evapo- 
ration are extent of anrtace, and the state of the air as to tem 
perature, dryness, stillness, and density. 
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106. Csdoric fa absorbed during the slow conversion of a 
liquid into a gas in evaporation as well as during ebullition, 
and it of course follows that cold should be produced. This 
fact may readily be proved by letting a few drops of ether 
evaporate from the hand, when a strong sensation of cold win 
be excited; or if the bulb of a thermometer, covered with lint, 
be moistened with ether, the production of cold will be marked 
by the descent of the mercury.. But to appreciate the degree 
of cold whdchihay be produced by eyapbrhtion, it is necessary 
to render it very rapid and^abundant by artificial processes.; 
and the best means of doing so, is by removing pressure from 
the surface of volatile liquids^ Water placed under the ex- 
hausted receiver of an air-pump evaporates with great' rapidity, 
and s6 much cold is. generated as would freeze the water, did 
the vapor continue to rise for some ti^ie with the same velocity. 
But the vapor itself soon fills the vacuum, and retaras the 
evaporation by pressing upon the. surface of the water. This 
difficulty may be avoided by putting under the receiver a 
substance, such as sulphuric acid, which has the property erf* 
absorbing watery vapor, and consequently of removing it as 
quickly as it is formed, Such is (he principle of Leslie's method 
for freezing, water by its own evaporation. . ' ; 

107. The action or the cryopborus, an ingenious contrivance 
of Wollaston, depends on the same principle. It consists of 
two glass balls, perfectly free from air, and joined together by 
a tube, as here represented. 

^ ^ Pig.B. ' . 
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One of the balls contains a portion of xiistilled water, while 
the other parts of the instrument, which appear empty, are full 
of aqueous vapor, which checks the evaporation from the water 
by the pressure it exerts upon its surface. But when the empty 
ball iai plunged into a freezing mixture, all the vapOr within it 
is condensed; evapwation commences froiii the suiface of the 
water in the outer ball, and it is frozen in two or three minutes 
by the cQld thus produced.- 

Fig. 9. ^ The puhtf'glass is a well-known toy 

constructed on the Biime, principle, only 
alcohol is used instead of water. On one 
of the bulbs is seen a small projection, 
through which wheil'open the alcohol is 
introduced, and from which the air is ex- 
pelled by the vapor of alcohol, which is made to boil by being held over a 
spirit-lamp. White the vapor of alcohol is escaping^ the point is suddenly 
closed by the blowpipe, and nothing of course is contained within but alcohol 
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and itB'vapor. By graspingr^ne of the bulba nrmljr in t^he hawi» tht» vapor 
by its expansion wiU imm^ately force all the VK^di into the other ; and 
the moment it has all passed through the stem an appearance of violent 
eboUition is produced, attended- by a distinct sensation of cold in the band 
which grasps the bulb. This is occasioned by the rapid evaforation of the 
film of liquid lining the inside of the bulb. 

108. Theefie<5t of evaporation in withdrawing heat is admira- ' 
bly illustrated by the process of perspiration. The natural tem- 
perature of Ihe huoian body is about 98^, but when we take 
active exercise, or when we are exposed to a great degree of 
beat, there is a tendency to a rise of temperature above that 
which is conducive to health ; and the most injurious ejects 
would ensue, if they were hot prevented by the reduction of 
the lemperatqre occasioned by perspiration. 

109. Examples oCthe. power, of the human body to sustain 
great and apparently even dangerous elevations of temperature 
are on record. It. is well known that individuals have volun- 
tarily exposed themselves for' several minutes, in ovens, to 
temperatures even a hundred degreesN above that of boiling 
welter, without stiffering any injury. '^ The very rapid perspira- 
tion that takes place in such, circumstances, prevtots the de- 
Mructive elevation of temperature in the system which would 
otherwise take place. ^ 

In the same manner the high temperature of summer is miti- 
gated by the evaporation of water from the surfece of the earth. 
Some time since (90) we saw that the caloric which is given 
out by the freezing of w^ter in winter, prevents the low reduc- 
tion of temperature that \i^ould otherwise be experienced ; and 
we cannot here less admire the wondprful provision of Provi- 
dence by which, on the other hand, the. excessive heat of sum- 
mer is, to some extent, limited. 

110. Porous earthen vessels are often used in hotels and other 
places in warm weather to cohtain water for drinking. A portion 
of the water gradually exudes through the vessels, and evapo- 
rates from the isurface, by which that within is kept several de- 
grees colder than the temperature of the atmosphere. Such ves- 

. sels are said t6^ be much used In Spain, where tliey are called 
alcarrazas. People crossing the deserts of ^rabia in caravans 
are said sometimes to load camels with earthenware bottlea. 
filled with water, which is kept cool by wrapping the Jlirs with 
linen cloths, and keeping them moist with water. 

111. liiquids, which evaporate moce rapidly than water, 
cause a still greater reduction of temperature. The cold pro- 
duced by the evaporation of ether in the vacuum of the air- 
pump, is so intense as under favorable circumi^tances td" freeze 
mercury." 

Water may very readily be frozen by the evaporation of 
ether^ in the open, air in the warmest, weather, by the foUowinff 
method. Fill a small thin vial ^ith water and wrap around It 
5 
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a piece of fine miislin, and suspend bvec it a dropping tube filled 
80 that the muslin may be kept constantly wet with it. Evapo- 
ration .will take place with such rapidity that the-water in the 
vial will in a short time be frozen. The'experiment will require 
less time if the vial Is suspended by a small wire and placed in 
a gentle current of ain , 

112. A great advance h^s recently been made in this depart- 
ment of experimental science by the solidification of carbonic 
acid gas, which is first condensed into a liquid by pressure, smd 
then .the liquid is solidified or frozen by its' own rapid evapora- 
tion. A full description of the process will shortly be given. 
Sulphurous acid gas may also j^e condensed into a liquid, 
which, on being permitted to fs&iie Into the open air, produces 
by its own evaporation sufficient cold to freeze mercury. 

113. Scientific men have differed concerning the cause of 
evaporation. It was once -supposed .to be owing to chemical 
attraction between the air and^wateri and the idea is at first 
view plausible, since a certain d^ree of affinity does to all 
appearance exist between them,. But it is' nevertheless impossi- 
ble to attribute the effect to this cause. For evaporation takes 
place equally in a vacuunp as in 'the air; nay, it is an established 
Sict that the atmosphere positively retards the process, and 
that one of tbe beVt means of accelerating it is by removing the 
air altogether. / « ' 

Experiments prove that caloric is the trute and only cause of 
the formation of vap6r. Evaporation -is indeed more rapid in 
proportion aS the atmospheric pressure is diminished, but the 
actual quantity of vapor that can exist in a given space, is de- 
pendent solely upon the temperature. 

1 14. The presence of aqueous *vapor in the atmosphere is 
owing to evaporation, which goes on to a certain extent even 
at low temperatures, and it is probable the atmosphere is never 
absolutely free from vapor; but the quantity present is very 
variable, in consequence of the continual change of tempera- 
ttire to which the air is subject. But even when the tempera- 
ture is the Jsame, the quantity of vapor is still ^ound to Vary; 
for the air is not always in a state' of saturation. At one time 
it is excessively dry, at another jt is fully isaturated ; and at 
other ti|pes it varies between these extremes. ' 

115. Tlie variable condition (>f thb atmosphere as to saturation with 
moisture is determined by an in.strument called a' hy^romeler^ several of 
which of different constructions are in use ;^l>ut none of them are of suffi- 
cient importance to claim a description here^ ; 

11 6. Watery vapor, when it rises in the atmosphere, is per- 
fectly invisible, but in certain circumstances which do not seem 
to be well understood it becomes visible, constituting mists and 
clouds which are constantly seen floating in the air, Tliis 
moisture, afli^r remaining awhile suspended in the air, is again 
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condensed, and jdescehds to the earth in the foirm of rain. Rain, 
it is well known, never falls unless the sky is cloudy, not unless 
that pcciiliar kind of dense black cloud appear known by the 
name of rain-cloud ; but the manner in which rain is formed, 
though different theories have been proposed'to account for it, 
must yet be considered as 'involved in obscurity. 

All the accumulations of water upon the surface of the earth 
are thus subjected to a constant natural distillation ; the impuri- 
ties with which they are charged remain behind; while the ptfre 
water in the forjn of vapor rises in the air to be again diffused 
over the earth. " . ' j 

117. CoristitiUion of the Gases vntfi respect to Heat. — Recent 
experiments by Faraiiay, Thillorier, Mitchell, and others, ap- 
pear to justify th^e opinion'that gases are merely the vapors of 
extremely volatile liquids; IVf ost of these liquids, however, are . 
so volatile that their boiling point, under the atmospheric pres- 
sure, is lower than any-natural temperature; and hence they 
are ajways found in the gaseous state. By subjecting them to 
a great pressure, their elasticity is so far counteracted that 
they become liquid ; and by reducing the temperature of the 
liquids Very low, several ofthetti have even been congealed. 
Fi£ 10. The u&ual- method of liquefy- 

ing a gas is to put the materials 
for preparing it into a strong 
glass tube, keeping them apart 
if necessary, and .then sealing 
the tube herineticaliy, or closing it wifh -n cap* and some 
strong pement The substances may then be brought together 
and heat applied if necessary ; and the gas as it is generated 
being unable to escape, when sufficient pressure is produced, 
is converted into a liquid and coHected in the upper part of the 
tube. These experiments are attended with danger from the 
bursting of the tubes, and. should never be attempted but with 
the utmost caution. ' i^ 

■ In some cases it will be found most convenient to* use- straight 
tubes ; but in others it will be best to hav.e them bent as in the 
figure. . • . . 

Different gases r^equire very different forces to compress them into the 
liquid form, for while sulphurous acid gas, at the temperature of 45% re- 
quires only two atmospheres, cat'bonit: acid gas at 32^ requires no less than 
diirty-six atmospheres. 

120. Carbonic ^acid, as well as several other of the gases, 
have been solidified ; which is done by exposing them, in 
the liquid state, to the action of intense cold. To prepare 
solid carbonic acid, it is necessary to construct a very strong 
apparatus with a generator to receive the materials for formings 
the liquid acid, and a smaller receiver, into which this liquid is 

♦ Dr. Torref . ' ^ 
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to be distilled pure. If a jet of this liquid be now permitted to 
escape into the open air/a large part of it immediately evapo- 
rates, producing such intense cold that the remainder is actu^y 
frozen, and appears like very fine moist snow. In the open air 
It soon escapes in vapor ;^but covered with cotton, so as to pro- 
tect it from the atmosphere, small lumps of it may bQ preserved 
for hours. . ' ' 

119. An apparatus like tiie foUowin^f. for aolidifjipg carbonic acid, an. 
Bwers the purpose perfectly well, and can be'niade at a very trifling expense 

The generator A, 6g. 11, may be mode 
of a common mefrcufy flask, having the 
aperture at the neck a little enlarged so 
as to be about an inch and a quarter in 
diameter. A plug of joa^t-steel B is then 
.made of ^a bar two inches at least in di. 
ameter,.and turned with a wide and 
smooth shoulder Sd as to.-fit ^iccuratelj 
upon a coUcr of block-tin, when screwed 
"into its place, as represented in the figure. 
The Talves, which are ihe most difficult 
part to construct, on account of the great 
pressure that is to be overcome, are in- 
serted in thQ plugs, a second one of 
which, 'precisely like the preceding, is 
. >nade to sprew into the receiver C. Into 
the upper end of esth plug, a hole an inch 
in diameter is bored about -one inch deep, 
and terminates in a conical point; from 
which an ape^re, a tenth of an inch in 
diameter is bo'red quite through, the plug. 
£ H is composed of two parts, so constructed that when screwed firmly 
into the cast-steel plug, and the part H which terminates in a conical point 
screwed down, all escape, of the gas fi'om the generator is effectually pre- 
vented. When the part H is screwed upward, the escape of the gas around 
£ is prevented by the firm pressure of the shoulder of £ upon the washer I, 
and a shoulder upon the lower part H, which presses against the bottom of 
£, and produces the same effect with regard to the escfeipe of the gas around 
the thread of the screw H. 




Fig. 12. 



Ihstead of the valve described above, the following, invented 
by Torrey, answers better for the generator ,*iis the passage at 
the bottom of the plug is not liable, as in the other*c6nstruction, 
to be closed by the sulphicte of soda which is formed. The part 
H extends quite through the phig, having at^e lower extrem- 
ity a nut P attached firmly by a screw and soldered. Kow 
when the screw H is turned upward, the thread on which ex- 
tends from I downward about an liich, the liut P perfectly closes 
the passage below, but by turning the screw down the passage 
through the plug is opened at P and closed at I, allowing the 
*p gas to escape laterally as in the other construction. 

The receiver C is easily made of common boiler iron; and 
•hould be about two Inches internal diameter, and of the same height as the 
generator, which will make it of the capacity of about a pint. T^e tube L 
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^oald screw into the plug conhccted with the receiver, having lit other 
extremity terminate in a conical point to fit into a cavity prepared for It iti 
the other plug/ By means of the stirrup^crews M and N, and the block of 
wood O, tiie receiver may then be firmly screwed in its pluce ; • and when 
both the valves are open, there will be a free passage betweej^ it and the 
generator, bot no commanic^on of either with the open air. 

To make use of this apparatus, the generator and receiver are -separated, 
and the plug B being removed,-2^ pounds of bicarbonate of soda, made into 
a paste wim. the -sapie, weight of water, are introduced into A, and 21 J 
ounces of strong sulphuric acid are poured into several copper vessels made 
a little shorter Uian the length in'ternally of the generator, and of such a 
diameter that they will just pass the . aperture. These being nearly filled 
with acid ai^ dropped into the generator, Wbich« after the plug 'B is inserted, 
is allowed to lie on one side for fifteen or twenty minutes, 'and several tiroes 
roUed over, to mix the acid With ^the soda.' The receiver's then attached 
to it as seen in the figure, by means' of. the stirrup-screws M and N ; and, 
if kept sufficiently cool by means of ice, the liquid. carbonic aldid formed in 
A will shortly be distilled -over intaC, the passage^between them being of 
coarse previously opened. ' . . 

The valve?, are now to be dosed, and th6 recover, which cpntains (he 
liquid carbonic acid, separated from the generator. A sniaU tin cup (not 
represented in ..the-figure) is then tohe attach^ to the tube L, to receive the 
jet of acid firom the receiver. It is esjpential that the liquid acid should 
escape into this cup, which is effected by haying a small tube pass from the 
steel phig nearly to the bottonl of the- receiver, or hy inverting the receiver 
before opening the valve. 

The apparatus shopld be well tested, hi least -three tjmes, before running 
any risk by veMurjngf to* hahdle it while eliarged. ' This is best done by 
means of a^ hydraulic press ; but the same object' may be accomplished very 
effectqally by standing the appart|tus when charged in a tub of water.heated 
to about I50°i so that when the apparatus and water have attained the same 
temperature, it shall not be lower than 130^. If a more severe test is de- 
sired, the wa|er may be made still hotter. _ - 

Gauges for measuring the amount of pressure at different teniperatures, 
may be attached to this apparatus, if desired, in the usual manner. — (JSil, 
Journal^ zxviii. p. 297.) 

In constructing an apparatus, care should always be taken to make the 
receiver of not more than one-fifUi the capacity of the generator,. and proba* 
Uy it would be still better if it were not more tlian tme-sixth or one-seventh, 
llie quantity of materials used idiould also be just sufficient very nearly to 
fill the generator. * 
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120. 'The construction and uses of the thermometer have been 

described inra preceding section (73). Though this instrument 

is one of* the most valuable for philosophical research, it must be 

confessed that the sum of information which it convevs is smaL. 

5* 
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it does Indeed point out a difference in the temperature of 
two or more substances with great nicety ; but it does not in- 
dicate how much heat any body contains. It does not follow, 
because the thermometer stands at the same elevation in any 
two bodies, that they contain equal quantities of heat; nor is 
it right to infer that the warmer possesses more of this princi- 
ple than the colder. The thermometer ^es the same kind of 
information which may be discovered, though less accurately, 
by the feelings ; it recognizes in bodies that state of caloric 
alone which affects the senses with an. iny)ression of heat or 
cold,-^the condition expressed by the word temperature,- All 
we learn by this instrument is, whether the temperature of one 
body is greater or les» than that of another ; and if there is a 
difference, it is expressed numerically, namely, by t\te degree 
of the thermometec. But it must be remembered that these 
degrees are partd of an arbitrary scale, selected for conveni- 
ence, without any reference whatever to the actual quantity 
of heat present in bodies. 

121. A little reflectton will evince the propriety of these re- 
marks. If two glasses of unequal size be filled" with water 
just taken from the same spring, the thermometer will stand 
in each at the same height, though their quantities of heat afe 
certainly unequal. This observation naturally suggests the in- 
quiry, whether different kinds of substances, whos^ tempera- 
tore as estimated by the thermometer arei the bame, contain 
equal quantities of heat ; — if, far example, a pound of iron con- 
tains as much heat as a pound- of water or mercury. The 
foregoing remark shows that equahty of temperature is n6t 
necessaiBy connected with equality in quantity of heat ; and 
the inference has been amply confirmed by experiment. If 
equal quantities of water are mixed together, one portion being 
at 100*^ and the other at 50°,. the temperature of the mixture 
will be the arithmetical mean or 75 ; that is, the 25 degrees lost 
by the warm water will exactly suffice to heat the cold water 
by the same number of degrees. It is hence inferred that equal 
weights or measures of water of the same temperature contain 
equal quantities of heat ; and the same is found to be true of 
other bodies. But if different sttbstand^s are used, the results 
will be^ entirely different. For instance, on mixing a pound of 
mercury at 160° witK a pound of water at 40?,. a thermometer 
placed in the mixture will stand at 45° ; but if the mercury be 
at 40° and the water at 160°, the mixture will have a tempera- 
ture of 155°.- If water at 100° t>e mixed with an equ^l weight 
of spermaceti oil at 40°, the mixture will be found at 80° ; and 
when the oil is at 100° and the water at 40^, the temperature 
of the mixture will be only 60°. 

It appears from these facts that the same quantity of heal- 
which imparts 5 degrees of temperature to water, is sufficient 
to heat an equal weight of mercury 115 degrees ; and that the 
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quantity require to heat water 20 degrees, will raise an equal 
weight t)f spermaceti oil 40 de.grees. Now 5 and 1 L5 are in the 
ratio of 1 to 23, and 30 is to 40 as I to 2; it is hence evident 
that if equal quantities of heat be added to equal we^hts of 
water, spermaceti oil^ and mercury, their temp^ralures in rela- 
tion to each other will be expressed by the numbers !, 2, and 
23 ; or, what amounts to the same, in order to increase the 
temperature of ^ual weights of those substances to the same 
extent, the water will require twenty4hree times as much h^at 
as the mercury, and twice as much as the oil. The peculiarity 
exemplified by these substances^ and which* it would be ea^ 
to illustrate by other examples, was first noticed by Black. It 
is a law, admitted to be universal, and may be thus expressed ; 
that equal quantities of different bodies require unequal quan- 
tities of caloric tp heat them' equally. This difference in bodies 
was expressed, in the language 'of Black^by the term ccu^acity 
for heat, but the term specific p>eat is now generally preferred. 

122. The f^ct'*' that substances of equal temperature contain 
unequal quantities of hefat naturally excites speculation about 
its cause, and various attempts have been made to Account for 
it The explanation -deduced jfrom the view of Black (8i5, 91) 
is the folio wing. iT-He concciived that heat -exists in bodies in 
two opposite states: in one it is supposed to be in chemical 
conrt)inatiQn, exhibiting none of Its ordinary characters, and 
remaining concealed, without evincing any signs of its pres- 
ence; in the other,^ aff'^ctih]^ -the senses in its passage, deter? 
mining the height of (he thermometer, and in a word giving 
rise to all the. phenomena which^ are attributed to this active 
principle. 

123. Though it would b^ easy to start objections to this inge- 
nious conjecture, it has thq merit of. explaining phenomena 
more satisfactorily than any view that has been proposed' in 
its place. It is entirely consistent with analogy. For, since 
beat is regarded as a material substance, it would be altogether 
anomalous were it not influenced, like other .kinds of matter, 
by chemical affinity ; and if this be admittedi it ought certainly, 
in combining, to lose some of the properties by which it is dis- 
tinguished Jn its free state. According to this view, it is intelli- 
gible how two substances, from being in the same condition 
with respect fo free.heat, may have the same temperature ; and 
yet that their actual quantities of heat may be very different, 
in consequence of one containing more of that principle in a 
combined or latent state than the other. But in admitting the 

plausibility of this explanation, it is proper to* remwnber that 

— ^ \ 1 .1, ^ ■ . 

* This fact was considered very singular and surprising when fi^st disco- 
vered, but it certainly is no more so than other analogous facts we meet with 
in chemistry on ©very hand. For instance, 32 parts of soda require, to oeu- 
tralize them, 40 parts of sulphuric acid, but an ec^ual weight of potash requires 
only two- thirds .as knuch acid ;— a iact quite as singukir as the one refeited to. 
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it is at present entirely hypothetical : and that the, language 
suggested -by a hypothesis should not be unnecessarily asso- 
ciated with the phenomena to which it owes its origin. Ac- 
cordingly, the word sensible is bettfer than free heat, and insen- 
sible preferable to combiiiedT or latent heat; for by such terms 
the fact is equallyWell expressed, and philosophical propriety 
strictly preserved. 

124. It is of importance to know the" specific heat of bodies. 
The most convenient method of discovering it is by mixing dif^ 
fefent substances tog^her in the way just described, and 
observmg the relative quantities of heait requisite for heating 
thenr by the same number of degrees. Water js commonly one 
of the materials employed in such, experiments, and it is cus- 
tomary to compare the specific heat of other bodies with that 
of water. • 

1*25., Thel"^ are several circumstances concerning the specific 
heat of bodies that are importsuit to be noticed* . 

Every substance has a specific heat peculiar to itself, which, 
however, varies if its form or cbmposition is changed. A sub- 
stance when sblid always has a Jess specific heat than when in 
the liquid state'; thus if the specific heat of water is 10, that of 
ic^ is 9. Whether the specific -heat is increased when a solid 
or liquid is changed into a gas, seems i^ot yet to be determined. 

isfe. The specific heat of solids and liquidsjncreases when 
'their temperature is raised ; but in gaseaa similar effect is not 
produced .if they are. allowed, to expand freely by the, increase 
of temperature. The specific beat of eqfiial weights of the same 
gas varies as its density and elasticity vary. Thus, when '100 
measures of air expand by diminished pressure to 200 measures 
its specific heat is increased. A thermometer j)lacpd within the 
receiver of an air-pump will always be observed to fall as the 
air is rapidly exhausted, in« consequence of the increased capa- 
city for heat of the ail* remaining within.' So also if the 100 
measures of air are suddenly compressed tp 50, -the specific 
heat will be diminished and of course the temperature raised. 

This, fact is beautifully illustrated hj the fire-syringe^ an inttrument 
which consists merely of a tube with an equal straight' bore, and a -solid 
piston fitted to it very accurately. When the piston is -plunged forci- 
bly into the tube, the air is much conde;nsed befc^e it, by which its 
temperature is raised in donsequence of its specific heat being dimii^ 
ished ; and ^f a little tinder or other highly combustibfe substance has been 
previously attached to the lower side of the piston, it will be ignited by the 
he^t produced. 

127. Change of density in solids and liquids is also attended 
by a change of specific heat, and cpnsequently a change of 
temperature. A piece oF metal may be made red-hot by being 
struck a few smart blows in rapid succession; its density is 
increased and its specific heat diminished, and the rise of tem- 
perature accompanies it as a necessary" consequence. 
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.128. @o skfo when sulphuric acid and water are mised, great 
heat is produced as a consequence of the condensation that 
takes place; and the same eflect, to some extent, results from 
miidng alcohol and water. 



• SECTION IV. 

BOUNCES OF HEAT. ' - v 

129. The sources^ of heat may be reduced to six. 1. The 
sun. 2. Combustion. 3. Chemical action without combustion. 
4. Mechanical action. 5. Electricity. 6. Vital action. 

The sun is the great source of heat to our system. The in- 
tensity of the 9olar heat a^)ears to be directly in proportion to 
the number of rays that can be collected upon a given surface, 
and at one time philosophers were able to produce a greater 
heat by collecting the sun's raye by means of the convex lens 
or concave mkrcHr than by any otl\er means. -The only method 
by which the sun's rays can be made to produce a great heat 
at a considerable distance, i^ to combine a great number of 
plane mirrors in such a manner that all may throw their images 
of the sun upon the same spot; ^By an instrument constructed 
on this principle,, it is said. Count Bufibn was able to ignite 
wood, at the distance of 210 feet- 
ISO.- The direct rays of the sun seldoin produce a tempera- 
ture above 120° ; but under &torable circumstances it may 
rise as high as 135°, or even higher. • 

131. Combustion has been defined, intense chemical action, 
attended by the evolution of light and heat. As the sun is the 
gte^t source of natural heat, 90 combustion is almost always 
resorted to to produce artificial heAt 

Various theories have been proposed to account for the 
caloric that is given out in combustion, but none of them seem 
to be satisfactory. We shall, however, speak of them more 
particularly, as well as the general subject of combustion, and 
several of the other sources of caloric, in other parts of the 
work. , 

132. The mechanical method of exciting heat is bjT friction 
and percussion. When parts of heavy machinery rub against 
one another^ the beat e3ccited, if the parts of contact are not 
well greased, is sufficient for kindling wood. The axle-trees 
of carriages have been burned from this cause, arid the sides 
of ships are said to have taken fire by the rapid descent of the 
^cable. Count Rumford has given an interesting account of th^ 
caloric evolved in boring cannon, which was so abundant as to 
heat a considerable quantity of water to its bolting point.* It 
appears from his experiments, that a body never ceases, to give 
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out heat by fndtion, however long the operation may be con- 
tinued ; and he inferred from this observation that heat cannot 
be a material substance, but is merely a property of matter. 
Pictet observed that. solids alone produce hfeat by* friction, no 
elevation of temperature taking place fronrthe mere agitation 
of fluids with one another. He found that the Jieat excited by 
friction is not in i)roportion to the hardness and elasticity of 
the bodies employed. On the contrary, a' piece of brass rubbed 
with a piece of cedar wood produced more -beat than when 
rubbed with another piece of metal ; and the heat was still 
greater when two pieces of wood were- employed. 
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SECTION I. . . 

PHY-SICAL PRO-PERtrES. 

133. Two theories hav^ long prevailed concerning the nature 
of light, called the corptLScular ^nd the undulalory theories. 

On the corpuscular. thedry,.whiqh was adopted by Newton, 
light is supposed to be material, and to consist of inconceivably 
minute particles, which, however, are too subtile to exhibit the 
common properties of matter. These particle^ emanating from 
luminous -bodies, such as the .sun, the fixed stars, and incan- 
descent substances, and traveling with ipimense velocity, excite 
the sensation of light, it is supposed,by passing- bodily through 
the substance of the eye, and striking against the expanded 
nerve of vision, the retina. The whole language of optics is 
founded on this theory. - ' 

134. The undvilatory theory, which is now generally adopted, 
'denies to light a separate material existence, and ascribes its 
effects to the vibrations or undulations of a subtile ethereal 
medium universally present in nature, the, pulses of which, in 
some way excited by luminous objects, pass through space and 
transparent bodies, and give rise to vision by impressing the 
retina in the same way as pulsations of air impress the nerve 
of hearing, to produce the sensation of sound. 

135. Some pf the phenomena of light, as absorption and re- 
fraction, are but obscurely explained. on either theory ; while 
other phenomena, though totally inexplicable by the corpuscu- 
lar or Newtonian, receive a most lucid explanation by the un- 
dulatory theory. The latter therefiire is now considered alone 
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suitable to the advanced state of the science. We shall, haw^^ 
ever, proceed to state the laws of light, so far as is required in^ 
an elementary work or chemistry, in the ordinary language 
which is fbundedr as has been remarked, on the Newtonian . 
theory, and is analogous to that which has bee(i employe^ in 
treating of heat. 

136. Diffusion of Liffht^-^lAght emanates iVom every visible 
point of a luminous object, and is equally distributed on all 
sides, if not intercepted^ diverging like radii drawn from the 
centre to the surface of -a Sphere. Thus^ if a. single luminous 
point were placed in the centre of a hoUow sphere, every point 
of its concavity would be illuminated, and equal areas would 
receive equal quantities of light. The smallest portion of light 
which can be separated from contiguous portions is called a 
rap ofligiit Each ray, when not interrupted in its course, and 
while it remains in the satde medium, moves in a straight line, 
as is obvious by the appearance of shadows cast by the side of 
a house, or of a sun-beam adtnitt^d through a small aperture 
into a dark room. Owing to these modes of distribution, it fol- 
lows that the quantity oflight which falls upon a given surface 
decreases as the square of itatiistance from the luminous object 
increases — the same law which regulates the lieating power 
ofa hot body (25). ' ' ' . 

137. The passage oflight is pnrogressive, time being required 
for its motion from one place. to another. By astronomical 
observations it is found that light travels^ at the rate of neatly 
195,000 miles in a second of time^ and 'requires- about eight 
minutes to pass from the ^un to the earth.' Owing to this pro- 
digious velocity, the" light caused by the firing of a cannon or 
a sky-rocket is seen by different spectators at the same instant, 
whatever may be their respective -distances frdm the rocket, 
the time required for light to travel 100 or 1000 miles' being in- 
appreciable to our senses. 

138. When the ligi^ fall^ upon any body, it may, like radiant 
heat (25), dispose of itself in three different ways, beinff reflected^ 
refracted, or absorbed-. The phenomena connected with the 
two former modes of distribution will be considered in succes- 
sion ; while those of absorbed light will be included under the 
head of Decomposition of Light. • 

139. Refkction^of Light. — When light passes from one me- 
dium into another of different nature or density, a portion of 
it will always be reflected, whether the media be solid, liquid, 
or gaseous. • Different media, however, differ much in' their 
power of reflection. 

Bright metallic surfaces, -as polished silver or clean mercury, 
reflect neaf ly all the rays which fall upon them ; while those 
which are dull and rough reflect but a few. The reflection of 
Kght, like that of heat, takes place at the surface of bodies, and 
appears to be influenced rather by the condition of the surface 
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than by .th6 nature of the reflecting body. The direction of tbe 
reflected ray, whatever may. be the rtature or figure of the re- 
flecting surface,, is regulated by these two laws. I. The. inci- 
dent and reflected rays always lie in the same plane, which 
-plane is perpendicular to the reflecting surface. 2. The incident 
and refleeted rays always form equal angles with the reflecting 
surface; or, what amounts to the same, the angle -of Incidence 
is- always equal to the angle c^ reflection. 

^ Fig. 13. Ltt A B, figure 13, represent a plane mirror, 

jJP" • /R}^ ^'^ direction of a ray falling on AB at the 
■point -D, and DP a line pCirpendioular to the 
mirror AB. Then, a plane passing through 
IDP will be perpendicular to AB, and, by the 
first kw, tbe reflected ray DR will lie wmt- 
' toA«r« in that-plane. Abo, by the second law, 
_ the ^n^Ie of refli^ction RDP, must be equal to 
-^ the angle pf incideafie It)P. Hence, as soon as 
the direction of the incident jay is given, that of the reflected ray is known 
also. . . ' ' 

These laws are not limited in their operation to plane sur- 
faces; but apply equally to those which are curye^ whether 
convex or concave. ' ^ . 

140. Refir action of Light— LAght traverses the ^ame transpa- 
rent medium, such as air^ water, or glass, in a straight line, 
provided no reflection occurs^ and there is no change of density ; 
but when it passes from ope medium into another vor flrom.one 
part of the same medium into 'another of a different density, a 
change of direction always ensues at the. plane of junction of 
the media, except when Ih^ ray i$i perpendicular to that plane, 
fig. 14. For instance, let A'B, fig. 14, 

represent a vertical section of a 
vessel lull of water, and PP' the 
perpendicular to the surface of 
the water at the point C. Should 
a ray of Ught enter the water, 
S perpendiciuar to its surface, as 
in the line of PC, it will con- 
, tinue on its course to P' with- 

"P'r^i^ V — ^ ^^* deviation; but if it descend 
■^ "" . obliquely, as in the direction of 

IC, it will suffer a bend at C, cmd proceed to £, instead of ad- 
vancing along the dotted line to F. Conversel^r, were a ray 
of light to emanate from £ and. emerge at Q, it would not 
advance to c, but take the direction of CI. By comparing the 
direction of the reflracted ray in these two cases in relation to 
the vertical PP', it will be seen that, the ray approaches the per- 
3»ehdiGular in entering fl*om air intb water, and recedes from 
it in passing out of water into^air. The same remark applies 
to the passage of light from or into air, into or out of solid or 
liquid media in general. 
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141: Bodies differ in their pdwer of refracting light In 
general, the denser a. substance is, the erwter.is the de'viation 
which it produces. £f in figure 14, sulfmuric acid were mixed 
with the water, the ray IC would be refracted* to some point 
between £ and 6 ; and if a solid cake of glass were substituted' 
for that liquid, the refracted -ray.. would be. bent down to CG. 
But this. is Tar. from universal: — ^alcohc^, ether, and (dive-CNl, 
which are lighter than water, have^ a higher refractive power. 
Observation- has i^own it to be aikw, to. which no exceptioii. 
is yet known, that oils cind other highly inflammable b(Kiies, 
such as hydrogen, diamond, phosphorus, sulphur, amber, olive- 
oi], and camphor^ have a refractive power which is from two 
to seven tinles greater than that of incombustible substances 
of equal density. - But whatever may be the refractive power 
6f bodies in relation to each other, refraction is always governed 
by the two following laws, discovered in 1618, by SneU, though 
usually ascribed to Descartes. 

1. The direction of the incident and refracted ray Is always 
in a plane perpendicular to the surface common to the media. 

2. The sine of the angle of incidence and the sine of the angle 
of refraction are in a constant ratio for the same media: 

iig, 15,. The first law is simitar to the 

first law of reflection already ex- 
plained(142i-) To explain the second 
law, let ABE, fig. 15, be a vertical 
section of a refracting medium^ 
PP the perpendicular to it, IC a 
ray of light incident at C, and CB 
the riefracted ray. Then IQP is 
the angle of incidence^ afid ECP 
ihe angle, of refraction,. Also from 
C as a centre, with any radius CI, 
and hi the plane of the ray ICE, 
draw a circle ; and from the points 
I and ISh where the course of the ray cuts the circfe, let tall la, 
Ec at right angles to PP'. Then may la be considered the sine 
of the angle of incidence^ arid Ec the sine of the angle of refrac- 
tion. The second law denotes that these lines are for each 
substance in a constant ratio, whatever may be the direction 
of the incident ray. In the figure the sine of the angle of refrac- 
tion is- to the sine of the angle of incidence as 1 to 2 ; and this 
ratio being once determined, each ray must conform itself to 
it, so that any ahgle of incidence beinp given, the direction of 
the refracted ray may be foretold. Thus, if id be a second 
ray incident at C, of which %b is the sine of the angle of inci- 
dence, the ray will be bent into such a course, that ed shall be 
to t^ as 1 to 2. This ratio is nearly that observed in glas» 
made of one part of flint to three of oxide of lead. In common 
flint-glass, the ratio is nearly as 1 to 1.6; in water it is as L to 
6 
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1.336; in oil of cassia as 1 to 1.641 ; in diamond as I to 2.755; 
in phosphorus as 1 to 2.224 ; and in melted sulphur as 1 to 
2.148. By thus representing the sine of the angle of refiractiou 
by 1, the sines of the angle of incidence in all bodies refer to 
the same unit of comparison, and are, therefore, at onee com"* 
parable with each other ; such numbers are caJled indices of 
rtfractibn, and indicate' the degree of refractive power. For 
exaihple, the index of rrfraqtion for t^ater is 1.336; for flint- 
glass 1.6; and for diamond 2.755. .' 

142. 'Double Refractioh.'^Polarixatiim,-^lf on a piece of -paper with a 
black line on its surface we place a 'rhombohedron of loelandz^par, and then 
look at the line through the crystal, it will be found that in a certain poai- 
tion the line apfieara single as when «ee.n through water orjglass^bnt in 
other positions of the- crystal, two lines fire visible parallel to jeacb other and 
separated by a distinct interval. The light in passing through the crystal 
i^ divided into two portions, one of. which obeys the^laws of refraction al- 
ready explained (142, 143), Whereas the other portion proceeds in a wholly 
diflSsrent direction, and hence gives the appearance of two objects instead of 
ofie. The former is termed ^e ordinary^ the latter the extraordinary ray. 
This phenomenon is known by the name of douHle refracpion^ and has been 
witnessed in many crystalized substances^ as in minerals and artificial 
salts. . ■ * 

143. Light- tranismitt0d through Iceland^par or other doobly-refiracting 
substance, is found to have suffered a remarkable :chang9.' In this state it 
is distinguished from common light by the circumstance Uiat when it fiills 
upon a plate of glass, at an angle of 56° H'l it is almost completely re- 
flected in one position of the glass, and is hacdly reflected at all in another; 
if reflected whdn the plane of reflection i6 vertical, no reflection ensues 
when the reflecting plane is horizoptal, the incident angle being maintained 
at '56° 11'. -This curious property, so different from common light, has 
b^eii theoretically ascribed to a kind ef polarity of such sort, that each side 
of a ray of light is thought to b&ve a character difierent from the two adja- 
cent sides at right angles to it ; and henca the origin of the term polarized 
light, by which this property is dijstinguished. Light is polarized by reflec- 
tion from many substances, such as glass, wat^r, air, ebony, mother-of^ 
pearl, and many crystalized substancies, provided the light is incident at a 
certain angle peculiar to each surface, and which is caUed the polarizing 
angle. ' Thus the polarizing angle for glass is 56° il', and for water 53^ 
14 ; that is, common light reflectedby ^ass and water at the angles stated 
will be polarized. . - 

The phenomena of double refS'action and polarized light constitute a 
department of optics of great and increasing interest ;• but it is too remote 
from the pursuits of a chemical student to be treated of at length in this 
work. ' , ■ - . ^ 

144. It bas recently been satisfactorily proved that rays of hefit may hm 
polarized in the same manner and by the same means ^ thosd of light 



SECTION II. 
DECOMPOSITION or tlOHT. 

145. The analysis of light may be effected either by refrac- 
tion or absorption. Newton, who discovered, the coiljpound 
nature of solar li^ht, effected its decomposition by refraction, 
employihga solid ptece of glass bounded by three plane- snr- 
fitces, well known under the name of the p-riem. His mode of 
operating consisted in admittirtg a ray of light IG, fig. 16, into 
adarkchamberthroughawindow-shitfterDEF, and interposing 



the. triangular prism ACB,so that the rayshould pass obliquely 
through two aurfeces, and be refracted by both. On receiving 
the refracted ray upon a piece of white paper LM, there ap- 
peared, instead of a spot of white light, an oblong colored sur- 
face composed of seven different tints, called tfie prismatic or 
Bolar spectram. On subjecting each of these colors to refrac- 
tion, no further separation was accomplished ; but on causing 
the rays separated by one prism to pass through a second of 
the same power arid in an inverted position CBa, the seven 
colors disappeared, and a spot of white light appeared at H, In 
the very position whith it would have occupied had both prisms 
been absent. From such and similar eicperiments Newton in- 
ferred that white light is a mixture of seven colorific rays, — 
red, orange, yellow, green, blue, indigo, and violet; and that 
the separation of these primary or simple rays depends on an 
original difference of refranglbility, violel being the moat re- 
frangible and r«d the least so. . . 

1&. Though a prism is the most convenient instrument for 
decomposing light, the separation of the colored rays is more 
or less eflfected by refracting media in general. Lenses, ac- 
cordingly, disperse the colorific rays at the same time that they 
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relract them ; and this effect constitutes one of the greatest 
difficulties in the construction of telescopes, insomuch as the 
separation or dispersion, as it is termed, of these rays dimi- 
nishes the distinctness of the .image. The combinations by 
which the defect is remedied ar^ called achromatic, 

147. JVewton's analysis of light led him to explain the origin 
of the colors of natural objects. Of opaque >bodies, those are 
black which absorb all the light that falls upon them, and those 
white which reflect it unchanged ; the various combinations of 
tints are.the consequence of certain rays being absorbed, while 
those alone- whose intermixture produces the observed color 
are reflected. The same applies to-tran«)arent media, which 
are colorless, like pure water, when the light passes through 
unchanged, but are colored when some rays are transmitted 
and others absorbed. This absorption of certain rays by 
colored media, sucK as gla§s of different tints, affords another 
mode of decomposing light; and Brewster has ingeniously 
applied it to analyze the seven colors which compose the pris- 
matic spectrum. He has proved by such experiments, what 
has been maintained before, that the seven" colors of the spec- 
trum are occasioned not by seven but by three 'Simple or pri- 
mary rays ; nanjely, the red, yellow, and blue. These rays are 
concentrated in those parts of the spectrum where each primary 
color respectively appears ; but each spreads liiiore or less oveL 
the whole spectrum, thfe mixture of red and yellow giving 
orange, of yeHow and blue, greien, and.ried with blue and a 
little yellow causing the violet. 

148. The prismatic colors, according to the experiments of 
Sir W. Herschel, tliffer in theirilluminating power : the orange 
illuminates in a higher degree than the ried, the yellow than the 
orange. The maximum of iUuminationlies in the brightest 
yellow or palest green. The green itself is almost equally 
bright with the yellow; but beyond the full -deep gireen th(» 
illuminating power sensibly decreases. The blue is nearly 
equal to the red, the indigo is inferior to the blue^ and the violet 
is the lowest on the scale. 

149. Calorific or Heating Rays. — The solar rays, both direct 
and diffused, are capable of exciting heat as well as light. 
When they are transmitted or reflected, no such effect of course 

, results : the concave reflector and burning-glass remain cool, 
though intense heat is developed at their foci; and. the atmo- 
sphere is not heated by the solar rays to which it gives passage. 
But opaque bodies which absocib light are invariably heated by 
it, and the temperature is proportional to the absorbent power. 
Hence, dark-colored substances, which are more absorbent 
than light ones, become hotter when exposed to sunshine. 
This is mdicated by the general preference given to light-<iolored 
clothing during summer. Hooke and Franklin, independently 
of each other, proved the? fiict, by ejcposing pieces of cloth of 
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difFerent colord, but of the same texture and ^ze, upon snow 
to sunshine; when the snow under the dark specimens was 
found to melt more freely than under the light ones, the eflfiict 
being nearly proportional to the depth of shade. 

150. For many .years It was SHpposed that the different Colored rays poiu 
sess different heating ^^wers ; Hut different experimenters did not agree 
with Yegard to the precise point in the ^pect^am in which the effect upon 
the thermometer is greatest, some placing it ia the red, and ethers a little 
below the red,, quite out xyt the spectrum. It was a question likewise 
whether light is converted into heat by absorption, or whether heat is only 
associated with light and absorbed at the sam^ time with it. It has, how- 
ever, at length been detBrmined thqit there exists in the solar beam a dis- 
tinct.kind of ra'y which causes heat and not lightj and that this ray being 
differently refrangible from those of light, tire position of the point of greatest 
hcat in the spectrum will depend tiltogeth^r uplQU the kind of prism made 
use of. When the prism used is made, of flint-glass, the greatest heat id 
uniformly beyond the red ray ; with a prism of crown-gl^s the red itself 
will be the hottest part,-but wipi a prism extelrnally of glass, but containing 
water within, the gr6atest heat will be found in the yelioyv* 

151. Our knowledge on thi9 subject has recently been much 
extended by the able researches of Melloni, who has succeeded 
with a prism of rock-salt in separating the spot of maximum 
heat from the colored part of the spectrum by a much greater 
interval than had been jdone previously; apd showing .that, as 
in simple radiant heat (42), there exist in solar light calorific 
rays of different characters,, some being more, and some less 
refrangible. He has* also shown that the more refrangible rays 
are less absorbed by .feebly transcalent media than the less' re- 
frangible-ones, while more perfectly transcalent bodies absorb 
the less refrangible more freely than the more refrangible ray;s. 
By causing all the heating rays to be absorbed, he obtained a 
ray of light that did not -in the least affect the most delicate 
thernlo-multiplier, by which it appears that the luminous and 
calorific rays, as before determined by others,* are entirely dis- 
tinct. • 

152. Chemical Rays. — It , has long been known that soliar 
light is capable of producing powerful, chemical changes. One 
of the most striking instances of it, is its power of darkening 
the white chloride of silver, an effect which takes place slowly 
in the diffused light of day, but in the course of two or three 
minutes ^by exposure to the sunshine. • The effect was once 
attributed to the influence of the luminous rays;. but it appears 
from the obsdrvatians of Ritter and WoUaston, that it is owing 
to the presence of certain rays that excite neither heat nor 
light, and which, from their peculiar agency, are termed chemi- 
cal rays, ft is foiind that the greatest chemical action is ex- 
erted just beyond or»at the verge of the violet part of the pris- 
matic spectrum ; that the spot next in -energy is the violet 
itself; and that the property gradually diminishes in advancing 

6* 
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to the green, beyond whidi it seetfis whdly wanting. It henca 
follows that the chemical rays are still inore refrangible than 
the lunxinous ones, in consequence of which they are dispersed 
in part ov^r.the blue, indigo, and violet, biit in the greatest 
quantity at the extreme border of the latter. . . 

It appears, therefore, that a beam df ligpht contains three distinct sets of 
rays, the iUvminating, the keating or calorific, and the chemical rays. 

153. Many efforts have.been made to form permanent image 
of objects by means of the chemical changes which aire pro 
duced by light upon different substances, as the white chloride * 
of silver, but till within a few years they seem to have beeil 
attended with little success. Recently, hoWev.er, under^ the 
auspices of Talbot and others in England and in this country, 
and Daguerre in France, Photograjfthvy or Photogenic Drawing, 
has sp)rung up as if. by magic, ana claimed a place .among the 
useful arts. ' ' * 

154. If a pi€ice of white "paper is moistened with a dilute so- 
lution of coinmon salt, and then one side of it washed with a 
solution of nitrate of silver, the surface becomes coated with 
chloride of silver, whicli readily tutns black or dark chestnut, 
by exposure to the direct rays of the sun. If now before 
exposing paper thus prepared to the light, any^ small flat 
object, as a flower, or piece of lace, be. placed upon it, an image 
of the object' will remain upon the paper, ^nd may be^ rendered 
permanent by soaking it minedicUelj/ in a saturated solution 
of common salt, or of iodide df potassium. * 

Instead of ^^Anmon ftalt for the first wash, iodide-jor bromide of potassium 
may be used, or cbljoride of calcium, or indeed almost any substanoe that 
18 capable of decomposing^ the nitrate of silver, and forming with the ^Iver 
a colorless solid compounds Even the salt of idlver may it is found be dis- 
pensed Mfith ; other substances, as the bichromate of potassa, possessing suffi- 
eient sensibility .to the action of liglit ■ But the results, as a matter of 
course, will be very different according as different substances are used. 
In every case the process of fixing the picture, consists in washing it in a 
solution which is capable of dissolving that part of the coloring substance 
upon which the shadows have fallen, and not that which has b^n affected 
by the light ' 

Paper prepared to be used in thid manner is called photogenic paper, and 
must be kept secure from the action of light or the air ; and even then it ' 
cannot often be long' preserved without injury. Scarcely any of it is suffi- 
ciently sensitive to be used. in the camera obscura. 

155. Daguerre's process, which has received the appellation 
f the Daguerreotype, is entirely different, and the r^iTlts more 

striking and beautiful. The essential pairts of this process are 
as follows: A piece of silver, or copper plated with silver, and 
polished with great care, is first to be cleansed with nitric acjd 
and powdered pumice, and exposed a few-minutes to the action 
of vapor of iodine, by which an exceedingly thin coating of 
iodide of silver is formed upon the surface. The plate is then 
placed in a camera obscura, and the image of any object in 



* 
front is made to fall upon it for sevend minute ; by which such 
a chemical change is produced in the thin coating of iodide of 
silvep, that subsequent exposure to the vapor of mercury, at a 
temperature of from 160° to 165°, brings out a beautiful picture 
of the object . 

, Instead of pure iodine, the bromide or chloride of iodine may 
be used for preparing the plates ; but the last com|)ound is said 
n the whole to be much the best. 

The picture when taken from' the mercurial process is ren- 
dered permanent by removing the coating of iodide of silver, 
which is readily done by merely pouring ^ver it a warm solu- 
tion of hyposul phite of soda* or of co'mmop salt^ If while in the 
solution if is touched at the edge by a piece of clean zinc, the 
coating is- removed almost instantly. 

The Daguerreotype process is very simple, but to ensure 
success, close attention must be paid to various ihinute particu- 
lars, which are fiilly described in the inventor's original papeV. 
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TERRESTRIAL LIGHT. 
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156. Under this head it is^proposed to include the various 
kuids of artificial light, which difier so much in several respects 
from solaf light as to require-to be made the subject of a sepa- 
rate section. The common niethod of obtaining Such light is 
by the combustion of inflammable matter, which gives out sq 
much heat that the bm-ning substance is rendered luminous in 
the act of -being burned. All bodies begin to emit light when 
heat is accumulated within them in great quantity ; and the 
appearance of glowing or shining, which they then assume, is 
called incandescence..' The temperature at which solids in 
ffeneral begin to shine in th^ dark is between 600^ and 70(P ; 
but they do not appear luminous in broad 4aylight till they.are 
heated to about 1000°. The color of incandescent bodies varies 
with the intensity of the heat. The first degree of luminous- 
ness is an obscure red. As the heat augments, the redness be- 
comes more and more vivid, till at iastit acquires a fall red 
glow. If the temperature still increase, the character of the 
glow changes, and by degrees it becomes white, shining with 
increasing brilliancy as the heat augment^. Liquids and gases 
likewise become incandescent when strongly heated ; but a 
very high temperature is required to render a gas luminous, 
more than is sufficient for heating a solid body even to white-' 
ness. The different kinds of fianie, as of the fire, candles, and 
ga»-]ight', are 4<istances of incandescent gaseous matter. 
- 157. ArtificiaL lights differ in color, and accordingly exhibit 
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different appearances- wh^ti transmitted through' a prism; The 
ivhite light of incandescent charcoa], which is the principal 
source of the light from candles, oils, and^the illuminating 
gases, contains the three primary co]<^fic rays, the red, yel- 
low, and blue. The dazzling light emitted by lime intensely 
heated, of late so successfully applied for the gas microscope, 
gives the prismatic colors almost as bright as in the solar spec- 
trum. The light emitted by iron feebly incandescent conisists 
priiKcipally of the red rays, as dojes the red light obtained by 
means of strontia and lithia; that, from ignited boracic adid is 
such a mixture of the blue, and yellow . rays as constitutes 
green; and incandescent soda emits a yellow light, almost 
wholly free from the rays which cause thegred and blue colors. 
158. Artificial differs from solar light In containing heat in 
two states. It contains simple radiant heat like that radiated 
from a non-luminous body, and which may be separated by 
transmission through a plate of moderately thick glass.; but it 
also contains other calorific rays associated with the luminous 
rays,and like them capable of refiraction by transparent media. 
There is reason also for believing that other modifications of 
heat may be found associated with artificial light, depending 
upon the nature of the source frdin which it emanates. 

159.. The chemical ag^ency- of artificial light is aaalogous to that f]*om the 
sun. In general the former is too feeble for producing any visible effect; 
but light of considerable intepslty, such as that from ignited lime, darkens 
chloride of silver, and seems Capable of exerting the Baroe chemical agMicies 
as solar light, though in a degree proportionate to its inferior brilliancy. 

PhoBpkorescence.-^IAghi is emitted by sonie substances, either at com- 
mon temperatures or at a degree of heat disproportioned to the efiect, giving 
ilse to an appearance which is caHed phoaphmrescence. This is ezemplifiea 
by a composition termed Canton's pkosphoriu, made by mixing three parts 
of calcined oyster-shells with one of the flowers of sulphur, and exposing the 
mixture for an hour to a. strong heat in a covered crucible. The same pro- 
perty is possessed by chloride of calcium (Homberg*s phosphorus), anhydrous 
nitrate of lime (Baldwin^s phosphorus), some carbonates and sulphates of 
baryta, strontia, and lime, the diamond,: some varieties of fluor-spar called 
chlorophane, apatite, bol'acic acidi borax, sulphate of potassa, sea-salt, and 
by many other substances. Scarcely any 'of tliese substances, which on 
account of thid peculiar property are called pkosplutrii act unless Hiey have 
been previously exposed to light : for some, diffused daylight or even lamp-- 
light will suffice ; while others require the direct solar light, or the light of 
an electric discharge. Exposure for a few seconds to sunshine enables 
Canton*s phosphorus to. emit light visible in a dark room for several hours 
aflerwar<is.^ W.armth increases the intensity of Iight,^!* will renew it afler 
it has ceased; but it diminishes the duration. When the phosphorescence 
has ceased it may be restored, and in general for any numoer of times, by 
renewed exposure to sunshine ; and the same effect may he produced by 
passing electric discharges throtigh the phosphorus. Some phosphori, as 
apatite and chlorophane, do hot shine until'thcy are gently heated ; and yet 
if exposed to a red heat, they lose the property so entirely t!hat exposure to 
soiar light docs not restore it. It has been remarked thaL^n these minerals 
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(he phosphoMBOence destroyed by faeat,i8 restored by electne discharges; 
that specimens of floor spar, not naturally phosphorescent, may be rendered 
BO by" electricity ; and that Uiis agent exalts the energy of natural phosphor! 
in a very remarkable degr^i^. The theory of these, phenomena is very ob- 
scure. They have been attributed^ to direct absorption of light, and its 
sabsequent evolution ; but the fact that the color of the li^ht emitted is 
more dependent on the nature of the phosphorescent body than on the eolor 
of the lights to which it was exposed, seems inconsistent with this explana- 
tion. Chemical action is not connected with the phenomena ; for the phos- 
phori shine' in vacuOf and in gases which do not act on them, and some 
even- under water. 

160. Another kind of phosphorescence is observable in some bodies when 
strongly heated. A piece of lime, for example, heated to a degree which 
wouk) only make other bodies .red, emits a brilliant white light of such in- 
tensity that the e^e cannot support its impression. 

161. A third species of phospho^rescence is observed in the bodiejei of some 
animals, either in the dead or living state. Some .marine animals, and par- * 
ticularly fish, possess it in a remarkable degree. It may be witnessed in 
the body of the herring, which begins to phosphoresce a day or two after 
death, and before any visible sign of putrefaction has set in. Sea-wator is 
capable of dissolving the luminous matter ; and it is probably from this 
causd that the waters of the ocean sometimes appear luminous at night 
when agitated. The Appearance is also ascribed to the presence of certain 
animalcules, which, like the glow-worm or the fire-fly, are naturally phos- 
phorescent - 

162. Light sometimes appears during the process of crystalization. This . 
is exemplified by a t^pid solution of sulphate of -potassa in the act of crys- 
tahzing ; and it has been likewise witnessed under similar circumstances 
in a solution of fluoride, of sodium and nitrate of strontia. Another instance 
of the kind is afibrded by the suUimation of benzoic acid. Allied to this 
phenomenon is the. phosphorescence which attends the sudden contraction 
of porous substauces. Thus, on decomposing by heat the hydrates of zir- 
conia, peroxide of iron, an4 green oxide of chromium, the dissipation of the 
water is followed by a sudden increase of density suited to the changed 
state of the-^xide, and a vivid glow appears at the same instant. The 
essential conditioni are that a substance should be naturally denser afler 
decomposition than it was previously, and that the transition from one me- 
chanical state to th& other should be abrupt- 

163. Several different •instruments have been cpntrifed to measure the 
comparative intensities of diflerent lights, called photometers; but it is 
thought little reliance can be, placed upon any of them. The only one that 
has been much used is that oflieslie, which consists simply of his differen- 
tial thermometer (15) with one of its balls made of black glass. The 
dear ball transmits all the light that falls upon it, and therefore its tempera- 
ture 18 not affected ; on the contrary, they are all absorbed by the black 
boll, and, by heating and' expanding the air within, cause the liquid to rise 
in the opposite stem. The action of this instrument, it will be seen, depends 
not immediately upon the quantity of light that may he absorbed, but upon' 



the heat which c^ccompanies it. The results obtained by it cannot therefore! 
be relied uponi ' \ ^ I 

164. Radiant heat and light possess in many respects so dose § resem-/ 
blance, that a conviction of the near relationship of their origin is forced 
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npoELiis. Thdy are dislributed, reflectod, refracted, absorbed, transmitted^ 
and ptdarned, aecqrding to laws exactly parallel ; butthougrh the undulatoiy 
theory of light is considered well established, it seems impossible to assiffii 
a similar caose to heat, and account satisfactorily for the various rela^ 
tions it sustains to matter,' as connected with- change of form, specific heat. 



CHAPTER III. 
ELECTJIICITY. 



SECTION I. 

GENERAL PRINCIPLEJ3. . 

165. Wren certain substances, such as amber, glass, sealing- 
wax, and sulphur, are rubbed with dry silk or cloth, they are 
found to have acquired a property, not observable in their ordi- 
nary state, of causing contiguous light bodies .to move towards 
them ; or if the substances so rubbed be light and freely sus- 
pended, they will move .towards contiguous bodies. **After a 
while this curious phenomenon ceases; but it Inay be renewed 
an indefinite number of tinies by firiction; The principle thus 
called into action is known by the name of electricity, from the 
Greek word nXBxtpov, amber, because the electric property was 
first noticed m it. The same term i^ applied to the science 
which treats of th^ phenomena of electricity. 

166., When a substance by fiiction or any other meansac- 
) quires' the property just stated, it is said to be electrified, or to 
be dectricaUy excited ; and its motion towards other bodies, or 
of other bodies towards it, is ascribed to a force called electric 
attraction. But its influence, on examination, will be found to 
be not merely attractive ; on the contrary, light substances, 
after touching the electrified body, will be disposed to recede 
from it just a^ actively as they approached it before contact. 
This is termed electric repulsion. By aid of the electrical ma- 
chine these phenomena of electric attraction and repulsion may 
be displayed by a great variety of amusing and instructive ex- 
periments, showing how readfly an invisible powfer is called 
into operation, and how wonderfiilly inert matter is subject to 
its control. But the student' may witness these efiects quite 
satisfactorily by very simple apparatus. Let him suspend a 
thread of white sewing-silk fi-om the back of a chair so that one 
end may hang freely, taking the precaution to moisten that end 
slightly by holding It between the fingers, while the rest of 
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the thread is carefully dned by the fire ; and let him then place 
near the free end a piece of-^ealing-wax, previously rubbed on 
the sleeve of his coat. The $llk will move towards it ; but 
after touching the excited wax two or three times, it will recede 
from it. 

167. When an electrified body touches another which is not 
electrified, the electric property is imparted by the former to 
the latter. Thus, on touching the free end of the suspended 
silk-thread with the excited wax, the silk will itself be excited, 
as shown by its moving towards a book, a knife, or other unex- 
cited object placed near it. But, though electricity is always 
imparted by an excited to an unexcited body by contact, the 
latter does. not always exhibit electric excitement If, for ex- 
ample, the suspended silk be Netted along its whole length, it 
will be strongly attracted by the excited wax, but after contact 
it will not evince the least sign t)f being itself electrified. Ne- 
vertheless, electricity is communicated to the silk in both cases, 
only it is retained by silk when dry, and is lost as soon as re- 
ceivedfby wet silk. 

168. Such observations led to the discovery that electricity 
passes with great ease o v^t the surface of some substances, 
and with difficulty over that of others, and hence the division 
of bcKlies into conductors and non-conductors of electricity. If 
electricity be imparted to one emi of a conductor, such as a 
copper- wire, the other extremity of which touches the ground, 
or is held by a person standing on the ground, the electricity 
wOl pass along its whol^ length and. -escape in an instant, 
though the wire were several miles lorig ; whereas excited 
glass and resin, which are non-conductors, may be freely han- 
dled without losing any electricity except at the parts actually 
touched. 

169. To the class of conductors belong the metals, charcoal, 
plumbago, water, and aqueous solutions, and substances gene- 
rally which are moist or cont£un water in its liquid state, such 
as animals and plants,, and the surface of the earth. These, 
however, differ in their conductihg power : of the metals, silver 
and copper are found to be the best conductors, and after these 
follow gold, zinc, platinum, iron, tin, lead, antimony, and bis- 
muth. Aqueous solutions of' acids and salt^ conduct .much 
better than pure water. 

170. To the list of non-conductors belong- glass, resins, sul- 
phur, diamond,, dried wood, precious stones, earth', and most 
rocks when quite dry, sUk, hair, and wool. Air and gases m 
general are nonkionductors if dry, but act as conductors when 
saturated with moisture. 

It is not, however, to be understood that any very definite 
line can be drawn between the two classes of conductors and 
non-«onductors, but there seems to be a very regular gradation 
5rom the most perfect conductor to the most imperfect or most 
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perfect tton-condactor. This division of substances is, how- 
ever, found very convenient, though in some instances indi- 
viduals, might differ with regard to the class to which a par- 
ticCiIar substance is to be^ssigned. 

171. This knowledge is of continual application in electrical 
experiments. When it is wished tp collect electricity on a me- 
tallic surface, the metal must be inatUated^ that is, cut off from 
contact with the earth, and with conductors touching the 
ground, by means pf some non-conductor ; an object commonly 
effected eithet by supporting it on a handle of glass, or by 
placing it on a stool made with glass feet. Another mode of 
insulating is to suspend a substance by silk threads. But such 
insulators must be dry ; since. they begin to conduct as soon as 
they grow damp, and conduct well, as in the experiment above 
describedf when wet. Again, electrical experiments are very 
apt to fail in damp weather, because the moisture both carries 
off electricity directly, and by being deposited on the glass sup- 
ports, destroys the insulation. 

To diminish this inconvenience it is usual to .keep the insu- 
lators warm, and to coat them with, a varnish made by dis- 
solving the resin called shell-lac in alcohol, this resinous -matter 
being much less prone to attract moisture from the air than 
glass. The same principles account for an error once preva- 
lent, that a metal cannot be excited by friction : if held in the 
hand, indeed, it exhibits no sign of excitement when cubbed, 
because the electricity is carried off as soon as excited ; but 
if, while carefully insulated,, it is rubbed with dry. cat's fur, 
excitement readily ensues. 

172. On comparingthe electric properties manifested by glass 
and sealing-wax when both are rubbed by a woollen or silk 
cloth, they will be found essentially different; and it is there- 
fore inferred that there are two kinds or states of electricity, 
one termed vitreous^- because developed on glass, and the other 
resinoits electricity, fi'om being first noticed on resinous sub- 
stances. The^e two. kinds of electricity, one or other of which 
is possessed, by every electrified substance, are also termed 
pontine and negative, the terms irrtreotis and positive being used 
synonymously, as are resinous and negative; they are also 
sometimes designated by the signs + and *^. The mode of 
distinguishing between positive and negative 'electricity is 
founded on the circumstance that, if two electrified substances 
are both positive or +, or both negative or ^-^ tbey are inva- 
riably disposed to recede from each other, 'that is, to exhibit 
repulsion ; but, if one be positive and the other n^ative, their 
mutual action is as constantly attractive.. The end of a silk 
thread, after contact with an electrified stick of sealing-wax, 
is repelled by the waxj because both are negative ; but if a dry 
warm wine-glass be rubbed with cloth or s(ilk, and then pre- 
.sented to the thread, attraction will ensue, as the glass will be 
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positive. \^ silk thread in a kn&um electric )Btate,Xhu9 indicatet 
the kind of electricity- possessed i)y other substances : a jconve- 
nient mode of doin^ thisis to draw a thread of white silk rapidlv 
through a fold of coarse brown faper, previously warmed, 
by which means Its whole length will be rendered positive 

173i When two substances are rubbed together so as to elec- 
trify one of tbeni,~th6 other, if in a state to retain electricity, 
will be excited also, one being always negative and the other 
positive. It is easy to be satisfied of this by very simple ex- 
periments. Rub a stick of sealing-wax .on warn) co^se brown 
paper, and the paper wiU be found to repel a positively excited 
, thread of silk, while the wax will attract it ; if a warm wine- 
glass be rubbed' on the brown paper, the glass will be positive, 
as shown by lt$ repelling the positive thread, while the same 
thread will be attracted by the negative paper ;' friction of seal- 
ing-wax an a silk riband renders the wax negative and the 
riband positive, but with ^ass the riband is negative. If two 
silk ribands, one white and the dither black, be made quite 
warfn, placed in contact, and then drawn quickly through the 
closed fingers, they will be found on separation to be highlir 
attractive to each othfer, the white, being positive and the black 
negative. The back of a cat is positive to all substances with 
which it has been tried, and' smooth glass is positive to all ex- 
cept the back of a cat. Sealing-wax is negative to all the sub- 
stances just enumerated, but becomes i>ositive by friction with 
modt of the metals. - The reader* will perceive from these facts that 
the same substance mayaof^uire both kinds of electricity, becom- 
ing positive'by friction With one body, and negative with another. 

TJafJORIES OP ELECTRICITY. 

174. The nature of electricity is at present involved in ob- 
scurity. If really material, it is so light, subtile, and diffasi ve, that 
it has hitherto been found impossible to recognize in it the ordi- 
nary characteristics of matter ; and, therefore, electric pheno- 
mena might be referred, not to the ag'ency of a specific sul)stance, 
but to some property or state of common matter, just as sound is 
produced by a vibrating medium.- But the effects of electricity 
are so similar to those of a mechahic^tagent, that its' claim to be 
considered a material substance. Has generally been admitted. 

175.. Dirfayjs T^heofy 0/ TSuo J^uidsi^^This theory, though 
usually spoken of as Duray's, originated partly with him and 
partly with Symmer. It supposes there are two electric fluidu 
which are equally subtile, elastic, and universally diffused; and 
each highly repulsive to its own. particles, but as highly at- 
tractive to those of the opposite kind; these attractive ai\d 
repulsive forces being exactly eqrfal at the same distances. 

When a body is in its natural state, that is, -when it exhibits 
no signs of eleotricit;^, it is supposed these two fluids exi$t in 
it in a state of combination so as to neutralize each other; but 
7 
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electrical excitation is p/oduce^ when either of them is In ex- 
cess. Their combination is' destroyed, of course* by the several 
causes which produce el^trical excitement. 

Tiie application of this tJieory to most electrical phenomena, 
is easy, and it is not necessary here to go into details.' 
' In most cases, when glass or any other vitreous substance is 
rubbed, the electricity which is collected is the reverse of tbak 
obtained when sealing-wax is subjected to friction ; aiid (lence 
the former is called vitreous and the latter rainous el^tricity, 
as before explained (172). 

176. FraMirCa Theory of a Single JRmd.^Franklin's theory 
Is (bunded upon the supposition that there 10 but one electric 
fluid,, the particles of which repel each other,^ bUt are attracted 
by the particles of matter in genered. Material subsftance in its 
unelectric or natural state is regarded as a compound of matter 
and electricity, saturated and neutralized with each other. 
Bodies in this state are said to possess their natural quantity 
of electricity, and are electrically indilferent, being neither 
attracted nor repelled by each other. 

fiUectrical excitement is occasioned either by increase or 
diminution of the natural quantity of • electricity^ On rubbing 
a tube of glass with a woollen cloth, the electric condition of 
both is disturbed: the glass acquires more' electricity than it 
naturally possesses, or is over-charged with electric fluid ; and 
the cloth, -rosing what the. glass gains, contains less than its 
natural supply, or is under-charged. These opposite states 
are denoted by the algebraic term^ positive .and negcUive, the 
former corresponding to the Vitreous, the latter to the resinous 
electricity of Dufay, as before intiinated. 

Bodies either positively or negatively electrified repel each 
other; when positively* electrified, in consequence of the repul- 
sion among the particles of the electric fluid with which they 
are surcharged ; but to account for the equal tendency of nega- 
tively electrified bodies to separate, it has been contended that 
a mutual repulsion must be ascribed to the particles of matter 
itself. This, it was for a long time supposed, could not be ad- 
mitted, as it appeared to be directly contrary to the well-estab- 
lished law o"f universal gravitation; but it has recently been 
shown by Mossotti that this lawapp^ies to matter only when in 
its ordinary state of combination with electricityi and is not in- 
consistent with the sut:^positton that, deprived of this principle, 
the particlesof matter may be- mutually repulsive. Though the 
theory of Dufey, therefore, has for some tfme been in the 
ascend^'t, it is now believed that all known phenomena admit ' 
of explanation equally well upon that of Franklin; 

CAUSES OF ELECTRICAL EXCITEMENT. 

1 77, Friction,-— This cause t)f electric excitement having been 
already mentioned, it here only remains to state the usual 
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mode^ ofdeveloping electricity by fiiction. A supply of nega-< 
tive electricity is easily obtained- by rubbjng a stick of sealing- 
wax or a glass tube covered with sealiiig-iifax, with silk or 
If oollen cloth ; and positive electrKfity is freely developed when 
a dry glass tube is rubbed with silk, brown paper, or flannel, 
the sunace of which is. covered with a little amalgam. But for 
obtaining an abundant 'supply of electricity it is necessary to 
employ a^ electrical machine, which is a n^echanical- con« 
triyance for exposing a large surface of glass to continuous 
friction. As now constructed, it is formed either with a cyliit- 
der ot plate . of glass, which is made to revolve upon an axis, 
aad pressed during rotation by qushions or rubbers made of 
leather stuffed with flannel, an^ covered usually with silk. On 
the rubber is spread an amalgam of tin and zinc, rendered ad* 
heme by admixture with a small quantity of lard or tallow. 
To prepare the amalgam,, melt in a Hessian crucible oqe ounce 
of tin and three of zinc, then add two ounces of mercury heated 
to near its boiling point, stir briskly vfith a stick for a few 
DUQutes,.and pour the mixture on 41 clean dry stone: when 
cold, pulverize and sifl, and preserve the fine powder in a well- 
corked dry phiaL Another essential part of the machine is the 
frime conductor^ which is an insulated conductor, placed in 
such immediate proximity to the revolving glass, that the 
electric state of tbex)ne is instantly imparted to the other. 

178. Figure 17 is designed to 
represent the common cylinder 
electrical machine. A is the 
■ cylinder, which Is turned by ttie 
handle H, and C the prime con- 
ductor, supported by an insulat- 
ing glass pillar on the further 
side of th^ cylinder, from which 
it receives the fluid on points 
projecting towards it To the 
conductor B, the rubber is at- 
tached ; and from it a silk flap 
extends over the cylinder to pre* 
vent the fluid from being dissi*. 
pated. This conductor is also 
Insulated, and, with the rubber, becomes negative when the 
machine is turnedt When a Supply of positive electricity is 
required, a chain is used to connect it with the table. 

Electricity excited in this manner by the electrical ms^chine 
is sometimes called staHccU ekcli-icity^ to distinguish it from 
dynamic electricity^ which will be hereafter described underthe 
head of galvanism. 

179. The electricity developed by the electrical machine is 
due partly to friction, which disunites the combined electric 
fluids of the gkiss arid rubber, but principally to the oxydation 
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of the amalffsm. 'fhe posHive fluid Hi transfefred to tde glass, 
fit>m it to tne contiguous prime conductor, and thence to any 
system of Conductors connected with the prime conductor ; and 
similarly the negative fluid collects upon the rubber, whence it 
is distributed to one or more conductors with which the rubber, 
may be in connection. Thus all insulated conductbrs in con- 
tact with the prime conductor are positive, and those aftached 
to tlie rubber are negative, as is Aown in fig. 17, by the two 
pith balls (172) being attracted towards -each, pthen When 
once the glass and rubber are excited, it is necessary that the 
electric equilibrium of both should be restored before a second 
development can occur ; and accordingly it is found that very 
little electricity is obtained when the prime conductor and rub- 
ber's conductor are both insulatecL To obtain a supply of 
positive electricity from the prime conductor the rubber must 
cominunicate with the ground, in order that its negative elec- 
tricity may escape. This is usually accomplished by suspend- 
ing a chain from the rubber to the table on which the instru- 
ments stand. In many electrical macbinefs' the rubber is not 
insulated, and then of course the chain is not necessary. To 
obtain negative electricity from the rubber it must of course be 
insulated,. and the prime conductor must be connected with the 
ground^ so that its positive electricity may i&scape. 

180. Change of Temperature, — The ojjeration of this cause 
of electric excitement W£is first noticed in certain minerals, such 
as tourmalin and boracite, the opposite extremities of which, 
unlike the crystals of most substances, are dissimilar, and 
are electrified by the application of heat: "But a far more 
general principle was detected by Seebe^k, who found that the 
electric equilibrium is disturbed in certain metallic rods or 
wires when one extremity has a different temperature- from 
that of the other,' whether the difference be effected by the 
application of heat or cold. This observation has been, since 
shown to be true of all metals. The experiment is usually 
made by heating or cooling the point of junction of two metallic 
wires, which are soldered together, but it has been shown that 
a single metal is sufil^ieht, provided that in different parts of the 
piece there are difl^rences in its texture and cohesion. This 
eff*ect is readily produced by casting, the >metal in such a form 
that one p^rt can be made to cool more japidly |;han another. 

181. An instrument of great sensibititj to heat, called the thermo-multi' 
plier, fans been constrncted on this principle for measurinjr slight changes 
of teroperatnre, It is usually coi)6tructed with some forty or fifty small 
bars of bismuth and antimony, placed parallel beside one another, and 
forming « prismatic bundle, AB, figure 18, about one and a quarter, inch 
long atid three-quarters of an inch in diameter. The bars of bismuth, 
which are arranged alternately with those of al^timony, are sQldered at their 
eictremities, and (separated all through their length by an insulating sub- 
stance. To the. first and last bars are fittached copper wires which teimi- 
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nate in the- pins- OC, of the ^same metal, paasihg 
across th^ pieca <»f ivory fixed 6n the ring DIX 
.The free extremities of thd wire- of a galvanometer 
(262) are theu to be brought in -contact with tl^e 
pins CX^, and the needle by its motions indicates 
^B any chahge of tediperaiure which .is oecaaioned 
-among the elements of the pile. .The instrument 
is designed to be sustained by a jointed support, so 
as to allow fireedomof motion in every direction. 

Instraments of th.is kjbi^ ^^^ h^Vk made so sen. 
sitive as to indicate a variation pf-temperatu)« of 
jji^^thof a degree of Fahrenheit's scale. , _ 

The experiments of MoUooi on the disthermoqs- 
' Bess, oC bodies already referred to (40, 42) were 
perforn^ed by an instrument o 'this kind. 

182. i^hemicai AcUon: — ^Another, and pro- 
t>ab]y the most>/ertlle source of electricity^ is chemical action. 
This was denied by Davy in his Baicerian le.cture for 1826; but 
experiments afford decisive proof that chemical Union and 
d^omposHion are both attended with electrical excitemeht. 

It hasi hedn demonstrated that thepgais arising from the sur- 
face of burning charcoal is positive, while the charcoal itself is 
negative; and that similar phenomena are produced by the 
combustion of hydrogen, alcohol, oil, and other inflammables 
of the same kind. In all these instances -the combustible, in 
the act «of biiming, renders contiguous particles negative; 
while the oxygen imparts positive electricity to the products 
of combiistion. The fact, with respect to charcoal, was 
originally noticed by Voita,-La Place, and Lavoisier, but was 
' subsequently -denied by Saussure and Davy, Pouillet has 
reconciled these conflicting . statements by showing that the 
result depends on the particular mode in which the experi- 
ment -IS conducted. For if the carbonic acid be completely 
removed from the burning nHtfs at; the instant of its formation, 
both are found to be electrical; but- if the carbonic acid subse- 
qoently flow over the sur&ce of the charcoal, the equilibrium 
will instantly be restored, and no sign whatever* of excitement 
be perceptibla - 

183. Decisive evidence of the same kihd, is supplied byHhe 
amalgam oC the electrical machine, the influence of which is 
proportional to the degree of chemical action, and which ceases 
to be useful as soon as the metals- are oxydized. <• Thus, Wol- 
laston found that an am'aJgam of silver and platinum, Which is 
indisposed to pxy dize, is -of no use whenappfied to the rubber; 
and that an amalgam of zinc and tin, which Is the most oxyda- 
ble, is also the best amalgam for exciting the jnachine. He 
observed that a machine in good action ceased to act when 
swrounded with <;arbonic acid, but instantly recovered its 
action on re-admltting the air. 

7* . 



78 MANUAI* OF CSXMtSTRY. 

184. Coniaet^'^ABoib^r. feputed soarce of eleclrieitj is eoiit&ct of dif 
ferent sulMtaiicet, eapeemily of mbtak ; a source orlgioallj AOggested by 
Volta, who founded on it a theory of galvanisin. Namergus niets have 
been addueed by later ezperixnenters in proof of the poeition that mere con« 
tact is Bufficient to prodnceeleetricrezcitemeqt Thus, whetfzinc is brought 
in contact with cop{>er or sihrer, and agaih separajted hy meani of aA insu- 
lating handle, the ziiuB is'foitnd positiTe, and the copper or siWer, if it has 
beto inflated, negatire. If iron, or manganese, or evea plumbago, be sub 
stituted for the zinc plate, the result will be the same. Other metals may 
also be substituted for these with the same effect, though in n^any cases the 
.ezchetnent is exceedingly weak«. 
. 185. When oxalic, 'suecmic, behkdic, orboracic acid, either in powder or 
in crystals, is touched with 'a plate of copper insulated with a glass haiidle, 
the copper beeomee p^sitiye, and' the Acids negative. So also phoephcM'ic 
acid, when allied to copper, becomes negative, andrthe metal positive. 
When metallic plates are made to touch i^dry Hme* strontia^ baryta, magne- 
sia, or soda, these alkaline bodies become positive and the nietal negative; 
and when sulphur is applied to polished lead or. other metal, it becomes 
positive, the metal tpiking the oppoaite state. 

These facts rest on too firm a foundation to be shaken; but.it is believed 
that the reid cause of tlie phenomena has been mistaken ; and the opinion 
is daily gaining ground that mere contact is incapable of causing electrical 
ezcif ation. The fiSecU which have been ascribed by some to this cause are 
referred by others to chemical action or to friction. The copper and zinc 
plates, it is fbund, show no signs of electricity when brought into contact in 
nn atmosphere of nitrogen or hydrogen ; . and the excitation that is produced 
in the open air must tl^refbi^depend upon the slight ozydation that is then 
constantly going on even in the driest atmosphere. 

This opinion is farther confirmeoby the Aiet that the electrical effects 
are much increased J>y introducing acid fumes into the atmosphere, or 
using other means tg increase the .chemical action. In other cases the 
electrical effects observed may be produced by (the friction of the metals or 
other substances used. _ . 

186. CAan^c.o/^rm.— The changes^of form causied in a sub- 
stance by variation of temperature, such.asi liquefaction and 
solidification, the formation and: condensation of vapor, consti- 
tute another reputed source of electricity. On liquefying sul- 
phur in a glass vessel, and removing the cake after cooling, 
the sulphur is fbund to be negative and the glass positive ; and 
on pouring water int6 a hot iron vessel or on ^ hot coal com- 
municating with a delicate electrometer,. the rapid evaporation 
of the water is attended with decisive indications of electrical 
excitement. To processes- of this nature, continually taking 
place in the atmosphere; the electricity of the cloudy is gene- 
rally ascribed. 

This opinion, however, has been questioned, and.it has been 
satisfactorily shown that in fuost of the experiments adduced 
in its JTavor, chemical actions en^ue at-ihe same time,,and that 
much of the effect is due to sq^ changes. If, for example, eva- 
poration be accompanied by chemical <fecomposition, as when 
saline solutipns areevapafated,the water being separated from 
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the salt with which it waw prevroiisly united, or if the ve^sd 
consist of iron or pther easy dxydabJe material, which is more 
or less chemically attacked by the jsvapOrating water, then the 
development of eilectricity is very decisive ; t>qt when ppie 
water is- evaporated from a platinum vessel, the quantity of 
electricity excited", it -is adijnitted, is very sm^U. Nevertheless, 
a small quantity is formed, and very recently it has been found 
that lar^e Sparks of electricity may draw from the steam issuing 
into the air from a large steam-boiler. 

187. Proanndiy to an Electrified Bqdy.^InductjUm. — ^It is a 
direct consequence of the attractive and. repulsive powers 
ascribed to the electric fluids, that an unelectrified conductor 
must be excited by tlie vicinity of ah electrified body. Thus 

Fig. 19. . if an unexcitiedf conductor AB, sup- 

^ ' ^ * , ported by ah insulating glftsS rod, is 

C I * J L brought near another body C charged 

-^— II + with positive electricity, as the prime 

, conductor of an electrical machine, 

the end A immediately shows signs 
iHK^ i^?^i=5\ of negative electricity, and B the op- 

^-^ . *^==^ positekmd. If the body Chad been 

electrified negatively, the end A of the conductor AB would 
have become positively electrified and B'the reverse.- The 
electricity thus induced by the pro^Eimity of an electrified body 
is^aid to bQ excited by mducti(m. 

188. But the effect thus produced in the body AB, when brought in 
proximity to the electrified body C| does not depend entirely, as was for- 
merly soppoeed^ upon the greater or less distance of these bodies from each 
other, but also, as. has recentlir b^en shown by Faraday, upon the air or 
other medium interposed between them. ' He has proved cionclnsively that 
clifierent substances, when placed between the electrified body and that on 
which the electricity is induced, differ essentially- in their power to trans- 
mit this influence, whatever it may be ^ 'and*, he proposes to call this pro- 
perty of bodies their specific inductive capacity. According to bis experi- 
ments, the power of air, flint-glass, sheuJac, and sulphur, to transmit this 
inflaence, or their several specific inductive capacities, are in the order in 
which they are mentioned, that of sulphur being more than twice that of 
air. ■" 

189. These facts beinff established, stn inquiry arises- with respect to the 
manner in which the inductive force is propagated from th^ electrified body 
to that on which the electricity is induced. In the conduction of electricity, 
Che fluid, whether positive or negative, doubtless is conducted or transferred 
from particle to particle, through the whole extent of the conducting, sub- 
stance ; ,8o also in induction, in the opinion pf Faraday, the inductive force 
is propagated from particle to particle, not however by the fluid, passing 
over them, but by the particles being thrown into a -certain polarized state 
by the electrified body sustaining the action, each assuming positive and 
negative parts, similarly arranged with respect to each 'other and to the 
inducting surfaces. 
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K( at. 190. The action of the Leyden Jar depeais on 

:; principle of induced electricity. A glass jar or 

tile, fie. 20,. with a^wide mouth, is coated exter- 

lly a^d internally with tin-foil, except to within 

reeorfourinches of its summit; and its aperture 

closed by dry. wood or aoine imperfect conductor 

rough the centre of which passe? a metallic rod 

mmunicating with the tin-foil, on the inside of 

» jEir. On placing the metallic rod in contact 

Ih the prime conductor (179) of an excited elec- 

«xal machine^ while the outer coating comoauni- 

cates with the ground, the interior of the jar acquires a charge 

of positive electricity, and the exterior (wcomea as stren^y 

negative. 

The opposite electric fluids accumulated on the opposite sides 
of- a charged Leyden jar exert a att*ong mutual attraction 
through tlie substance of the glass. The exterior pf the jar 
Qiay be freely handled, and its coating removed, without de- 
stroying the charge, provided no communication be made at 
the same time with the interior ; .and if the exterior beinaulated, 
the charge will be preserved, though the tin-foil of the interior 
be removed. But when a conductor communicates with both 
surfaces at the same instant, the two fluids rush together with 
violence, and the equilibrium is restored. 

191. The electric shock, as i( is called, is experienced when 
one hand is made to communicate with the outside and the 
other with the Inside of the jar ; the current 6f electricity, in 
restoring the equilibrium, of course passing quite across the 
body. .. , . 

19S. Several instromeola oaUod elsctroccopra or ^clromelcil have been 
iniwiled to meunre Ibe inlenaity ^f bodies difierenlly excited, but ib thii 
^iscnuioQ of " [eneral principlet" a ^ijroed only ai preparatory to tha 
IbJlnwine leclion on GalvsniBni, DO deecrtptioD of theiD is bere given. For 
« full discuuion of the aiibje<^ of common electricity, tha intelligent stu- 
dent ii referred to the Library of Ueefiil Knowledge, OtmGted'a PhilcHOphy, 
■nd othei worka. 



193. The science of Oalvanlsm owes its name and origin to 
the experiments on animal Irritability made by GalviinT, pro- 
fessor of anatomy at Bologna, Ita!y,in the year 1790. In the 
. course of the investigation he discovered the &c[ that muscular 
contrai^tiona are excited in the leg of a frog recently killed, 
when two metals, such as zinc and ail ver, one of which touches 
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the cniral nerve, md the other the.muscles4o whic^ it is dis* 
trlbuted, sure. brought into contact with'one another. Galvani 
imagined thsrt the phenomena are owing to electricity present 
in the qiuscles, and. that' the metals only serve the purpose of a 
conductor. He conceived that the animal electricity originates 
in the brain, is distributed to every part of the System, and 
resides- particularly in the muscles. He was of opinion that 
the different partsof each mui^ular fibril are in opposite states 
ofelectrical excitement, like the two surfaces of a charged Ley- 
den phial (190), and that qontractions take place whenever the 
electric equilibrium is restored. This he sgpposed to be effected 
during life^ through the medium of. the nerves, and to have 
been produced hi Me( experiments by the intervehtion off metallic 
conductors. . 

194. The views of Gadvani had several opponents, one of 
whom, the celet)ratedVoIta,~ professor of natural philosophy at 
Pavia, succeeded in pointing out tiieir &llacy. Volta main- 
tained that electric excitement is due solely to the metals, and 
that the muscular contractions^ are occasioned by the electri- 
city thus developed' passing along the nerves and muscles of 
the animal. To\the experiments instituted by Volta we are 
indebted for the first voltaic apparatus, which has properly re- 
ceived the name of the voltaic pile ; and to the same distin- 
guished philosopher belongs the real merit of laying the founda- 
tbn of the science of Galvanism. : " ' 

195. The identity of the agent concerned in the phenomena 
of galvanism and of the commdn electrical machine is now a 
matter of demonstration. Galvanic and- common electricity 
are due to the same force, excited by different conditions, 
operating in general in a different manner and under different 
cireiunstances. The effects of the latter are caused by a com- 
paratively small quantify of electricity 'brought into a state of 
insulation, in which state it exerts d high intensity as evinced 
by its remdirkable attractive' and repulsive energies, and by its 
power to force a passage through obstructing media. In gal- 
vanism the electric agent is more intimate^ associated with 
other substances, is developed in large quantity, but never 
attains a high tension^ and produces . its peculiar effects while 
flowing along conductors in a continuous current. 

GALVANIC ARRANOBME^tS OR CIRCLES. 

196. Arrangements for exciting galvanism are divided into 
simple and compound, the former l^ing voltaic circles in their 
most elementary forni, and the latter a collection of simple cir- 
cles acting together: it will therefore be proper to commence 
the description pf them with the most simple. 

197. Simple Galvanic Circles. — A simple galvanic circle is 
formed of three substances, two of which generally are metals, 
and the other a liquid; but the quantity of the latter liiay be 
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very small. The experiment often given jto iUastfatethe original 
discovery of Galvani ia made with a simple circuit. It may 
* easily be performed in the^ fallowing manner : Separate the 
legs of a frog from the body, leaving a small portiop of the spine 
with the spinal cord, to which, after removing the skin from 
the legs, attach a^ small piece of tin-foiJ. ' If now a piece of silver 
cofn or zinc plate is made to touch at the same tin^e the flesh 
of the thigh and the tin-foil, the muscles of the leg will be 
instantly convulsed, by the passage of the galvanic current ; 
the circle in this case consisting of the two metals and the parts 
of ^he animal interposed between them. The irritability will 
often remain more thaii an,hour,>but the experiment should 
always be made within fifteen or^wenty minutes after the frog 
has been killed. 

1^.8. iThe ]eza of grasshoppers* an- 
^ swer equally well with those of frogs in 
performing this experiment, and can be 
. prepared much more readily. It is neoeik 
Ftg; 9L sary only to remove with a vfaatp penknife 
a portion of the skin from each side of the 
thick part of one of the leaping legs, saas to expose the flesh ;. then bj lay- 
ing the under side of the leg upon a small piece of moistened ziirc, and 
bringing a piece of copper in contact with the fleah exposed on the upper 
side^ no motions will he o^jwerved until the copper also touches the zinc, 
when quick movements or jerks, of the lower part of the Ipg will be seen, 
each time the contact is made. S^e fig. 21, in which C represents the cop- 
per, Z the zinc, and AB the leg of the.graltohopper. 

199. The following are also examples of the simple galvanic 
circle, which will perhaps illustrate mpre clearly what is meant 
by the term, as well as sfhow some of the different modifications 
of which it is susceptible. _ 

When a plate of zinc and a plate of copper are^ placed in a 
vessel of water, and the two metals 3re made to. touch each 
other, either directly, or by the intervention of a metallic wire, 
electricity is excited. The action is, indeed, very feeble, and 
not to be detected by ordinary methods ; but if a little sulphuric 
acid be added to the water, numerous globule^ of hydrogen gas 
will be evolved at the surface of the copper. This phenomenon 
continues uninterruptedly while metallic contact between .the 
plates continues, in which state the circuit is said to be closed; 
but it ceases when the circuit is broken, that is when metallic 
contact^ is interrupted. The l^ydrogen gas which arises fi*Qni 
the copper plate results firom water decomposed by the electric 
current, and its ceasing to appear indicates the moment when 
the current ceases. In this case the galvanic circle consists of 
zinc, copper, and interposed dilute acid, and tlie circle gives 
jise to a current only when the two metals are in contact 
This arrangement is shown in %. 2«2, where metallic contact 

« * Sil. Journal, xxxi., p. 292. 
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Fig. 93. _" _ ii» readily made or broken^by means of cop^ 
per -wires soldeifed to the pWes. 

.^he direction pf;the |)Ositive current, it . 
should be remembered, is sii\r ays from the 
^^i^BJUM zrf^^^ <Ayoi^A the liquid to the copocr, and in 
Vy^^ M||PW /r the opposite, direction on the wires above 
Vs ^" ^ xy .the liquid. ' : 

It matters not, so j&r as galvanic action 
Is concerned, at what part the plates touch each other. Ascur* 
rent is formed, whether contact between the plates is made* 
below where covered with liquid, above where uncovered, or 
along the whole length of the plates, provided both plates are 
immersed in the-ssime vessel of diluted acid. 

• Pig. 23. Butthis last condition' is absolutely es- 

sential, and no current is established where 
the two plates of metal connected with each 
pther are placed in different vessels, as is 
of&e,. figure 23, or are soldered together* 
and made -to constitute the separation 
between two cells in the same- vessel, 
unless the precaution is taken to form a 
connection with the liquid of the two ves* 
sels or ^eells, by lixeans. of some moistened fibreis of cotton or 
other substance, or -a metallic wire, asfg'hi, in the figure. In such 
cases the positive current passes from the zinc vessel or cell, 
over the cdnducting substance to the one containing the copper. 
Figure 23, fn themargin^ wiH be understood without more par- 
ticular expfenation. The arrows aaf before show the direction 
of the current.. ' 

A simple galvanic circle may befbroied of one m^tal and two 
liquids, provided the liquids are sudh that a stronger chemical 
action is induce(l on one side than on the other. Nay,, even a 
plate of metal with two portions of the same liquid may he 
made to -<^onstitute the simple circuit, .provided only. the. condi- 
tions ^are suQb th^t one side of the inetal shall be 9cted upon, by 
the liquid more readily than the other. This will be effected 
if Qne pibrtion of the r liquid is warmer or stxamger than the 
other, or if one surface of the metal is rough and the other 

polished*. ^ ^' 

3 200. A very- excellent contriv- 
.ance for a simple cirple is. made 
afi( . follows : A copper vessel C, 
fig. 24,- is made- of two cylinders 
of sheet copper of unequal size, 
plalcQd one within the other, and 
Soldered together at bottom so as 
to leave an intermediate space 
aaa to contain the zinc cylinder 
Z'and diluted acid, or solution of 
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blue vitriol, which ie found to be better. The small copper 
cups bb are made to'coiitaih a Ctt]e mercarj, and are service- 
able in enabling the eiperimenter to close or break the circuit 
■ with &cilit7. , ' 

Fig. ss. ^'- Another modification of the 

simple circle recently introduced 
possesses too lasBy advant^es to 
be eiltireiy omitted. A, fig. ^ is a 
conuDOli glass jar of about a quart 
J capacity, containing within it a coil 
"«f the thinn,eat sheet copper, C, sup- 
posed to be seen through the glass. 
W ithitUhe oopper coil is a cylindrical 
S vessel B, made of calcined plaster, 
having a. piece of copper tube E ce- 
mented into it at top; and hemispheri- 
cal copper vessel D with holes perfo- 
rated through it like a cullender, 
or sHls,»s j^een in the figure. 
Th& plaster vessel with its ap- 
f pendages is represented also at tbe 
right, removed fi-om the jar. An 
amalgamated cj^linder of zinc is suspended in the plaster ves- 
sel by means of a piece of wood which perforates it and rests 
on tbe collar of copper. An acid solution of blue vitriol, which 
is kept saturated by crystals of.the salt cootaJoed in the cul- 
lender p, fills tbe < glass jar around tbe plaster vessel, which 
itself contains, surrounding the cylinder of ^zinc, diluted sul- 
(diuric acid, made with one measure of acid and eight of water. 
A small mercury cup m is soldered to the zinc, and a metallic 
wire P soldered 'to the coil of copper serves by bending it-soiis 
lo enter the mercury cup m, to close the simile circle (199), or 
by bending to the right, as in the figwre, to connect with the 
zinc of the next element in the comjrouAd circle (208). 
202, In this arrangement it will he. seen, the cupreojas solu- 
.' tion comes in contact with the copper only, and the acid only 
with the zinc. When in action .the electric current passes 
through the sides of the porous plEister vessel, and a deposition 
. of metallic copper is constantly taking place upon the surlkce 
of the copper plate. 

Animal membrane; as a portion of the gullet of an ox, or a 
calfs bladder, answers still better than the plaster vessel, but 
they are difficult to preserve, especially in warm weather. 

S03. A siinplti apparatoa of this kind, witli same alight modificitioiik 
constitnlaa the eleclTOtypt ; which is kh inTenlion for bbpjing medsla, eoina, 
■nd other eimilBJ' articleg in cc>pper. When Ijie circle mbove dncribed ia in 
operatioti, tho Bulphata of copper used ia grnduiilly dsconipoBed, just ak if 
both the copper uid the zinc plate* were immersed directly in the bluo 
vitriol aoldtion ; but ths copper in thia cue ia precipitated in n aolid finin 
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(30S> upon the coi^por plate, whieh is tberefbre cooatantlx iacreaaed in 
thickness, while sulphate 'oi zinc is formed within the plaster vessel. To 
use the single circles .of this form, therefore, for the purpose of ihe electro- 
type, it ier ooly necessary, insfief^d of the copper, plate or coil C to have a 
skeleton or .ibould'of the article to.be. copied, suspended by a wire or slip of 
copper and connected with Uie.^ioc within the phister vessel. ..The mould 
or pattern should be covered With wax, exoep£ the part of it to be copied, 
upon which the copper will be gradually deposit,, copying of course i^i 
Its minutest peculiarities. It is evident that elevations in the article copied 
will by this process' be represented by''depre88i6ns, and depressions by eleva- 
tions, so that a medal in relievo wilV be copied in. intaglio, and vice versa ; 
6ut to obtaii> an ejcact copy in relievo of a medal, it is necessary first to form 
the intaglio copy, which is to be used as a intern or matrix in which to 
cast the copy desired. Sometimes the intaglio copy 10 made in fusible metal 
or lead, or even in piaster, but in this last case the surface must be made 
an electrical conductor by coating it with bronze* or wasbin'ff it with nitrate 
of silver and exposing it^to.y^por of solution of phosphorus in alcbhol or oil 
of turpentine. 

. 204. It is not necessary that eppper and zinc alone should al- 
ways be used in these experiments ; other metals may be adopted 
with equal, and, in some cases, even mpre decisive results. 
Nor is it required that the liquid should alwaj^ contain an acid; 
other substances, as solutions of the salts, are quite as effica^ 
cious in exciting'- this, subtile fluid. The conditions r^eguired 
are that the metals and liquid used should be, such that chemi- 
cal action will .take place more readily between one of them 
and the liqiud than between the other and the liquid; and that 
metal is sd'ways fbiind positive (below the surface of ^he liquid) 
which is most acted upon by it. Other things being equa], the 
galvanic action will be more intense, the greater the difference 
between the two metals used, e^s regards their tendency to be 
acted on by the partlculeur menstruum in which* they are im- 
mersed. Thus, with a common acidi silver and ' zinc would 
form a more poweirful galvaniccircle than copper and zinc, and 
gold or platinum with zinc would answer still better, because 
copper is more readily .acted up6n by these acids, than either 
of the other metals mentionea 

205. The current fb/med by the contact, of two metals gives 
increased effect to the affinity of one of them for some element 
of the solution, but the ability of the other metal to undergo' 
the same change is proportionally diminished. Thus, whipn 
plates of zinc and ck)pper tcHich each other in dilute acid, the 
zinc oxydizes more, and the copper less readily than wHhont 
contact. 

It was on this principle that Davy proposed to.protect the copper sheath- 
ing of ships, by means.of pieces of zine attached to it ; but the plan, it is 
found, cannot be adopted in ^ pfactice, because the sur&ce of the copper, 
unless it is gradually corroded by- the Action of the sea-water, becomes foul 
and injures the sailing of the ^hips. The, article called galvanized iron, 
recently introduced into use, is simply kron. coated with zinc, .he latter uf 
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which, by the galvanic action that takes place, Bcrves to protect the iron 
from the rusting that would otherwise be observed. • / . • 

206* Metallic "bodies are not essQjitial to the production of gal- 
vanic phenomena. Combinations have been made with layers 
of charcoal., and plumbago, of slices of muscle and brain,, and 
beet-root and Virood ; but' the force of these circles, though accu- 
mulated by the union of numerous pairs^ is extremely feeble 
and they are xarely, if ^ver, employed in practice. ^ - • 

207. Several familiar experiments depend upon the galvaaiT: action that 
takes place in consequence 4>f the formation of sfmple galvanic oircles. If a 
piece of zinc^ perfectly bright,- and. a piece of silver be placed,' one above the 
tongue and the other t>6low it, a peculiar taiste will be observed every time 
they are brought in contact with each other. 

If a silver doUat be placed, upofi a larger piece of zinc, an earth-worm or 
leech 'placed on the silver will be convulsed by the. passage of the electrical 
current, as oAen as he extends' his body, so as'to come in contact with the 
zinc. The worm should be perfectly dean and moist when used. 

' Iron nails cannot be used in the cdnstruction^of the bottoiDs of ships 
which are to be sheathed with copper, because the^ are so rapidly corroded 
in consequence of the galvanic ciroles which are formed betw«en them and 
the copper. . . - ' . 

208. Compound Galvanic Circles, — The compound galvanic 
circle, or galvanic battery^ consists of any number of simple 
circles so arrang^ed in a series that the copper of each •simple 
circle is connoted with the zkic of the one adjacent The first 
combinations of this fciiid were .described by Volta, and are 
now well known under the- names of the. voltaic pUe, and 
courojtne des tizeses,- or crown of cups'* Tfie voltaic pile is 
formed of piw;es of* copper,' -zinc, and cloth^ m'oisfeened with a 
saturated solution of salt or acidulated water. Commencing 
with either of the metals, upon 'this is placed a piece of cloth 
and then a piece of the other metal, tfie three of- course consti- 
tuting a' simple galvanic. circle. Upon this cirfcle "other simple 
circles are then formed in the same manner, care being taken 
to place the metals throughout the series in the sa,me order.- ' 

Without this precaution the apparatus would give rise to op- 
posite currents, which would neutralize -each other moj^e or 
less according to their; relative forces. The pile, which may 
cdtisist of any number of combinations^ should be contained in 
a frame formed of glass pillars- fixed into a piece of thick dry 
wood, by which it is both supported jand insulated.- Any num- 
ber of these jrfles may be made to act xn concert by establish- 
ing metallic communication between the positive extremity of 
each pije and tbe^ negative extremity of the pile imraediateJy 
following. ' 

209.. Fig. 26 will assist' in forming a correct idea of the vol- 
taic pile, in which the light lines represent the. copper, and the 

* This name was suggested by the circular form in which he arranged the 
cups constituting his battery. 
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Fig. 21. 



Fif . 98. ' dark Unea the zine plates, witn pieceb of moist« 
ened cloth, a Utile ^mailer ithan' the plate's between 
every, pair. ♦ • 

When ia action the .i^per zinc plate is nega- 
tive and the lo^er copper plate positive. These 
extremities of^ the. pile havp been called its pales, 
which however may be prolonged by wires, as . 
in the,, figure. When the -poles are. united by 
wires, or other conducting substances, a continu- 
ous i)ositive' current flows from the positive to 
the negative pole, as indicated by the arrows^ 
a Recetifly it has be^n proposed to call the poles 
electrodes, from f/Ksx-e^w, and oSoi, $i way. 
Tiie .voltaic pue is now rarely employed, be- 
cause we possess other modes of (bruiing galvanic combinations 
which are for more powerful and convenient. The galvanic 
battery propo^ by Crui^kshank consists of a trough of baked 
wood, about thirty inches 'long, in which are placed at equal 
distances fifty pairs of zinc and copper plates previously soli- 
dered together, and so arranged that the .same metal shall 
always be on the same sida Each pair is fixed in a groove 
cut in the sides and bottom of the box, the' points of junction 
being n\ade water4ight by cement The apparatus, thus con- 
structed is always ready for 
uBe, and is brought into action 
by filhng the cells left between 
the pairs of plates with some con- 
venient solution, which serves 
the same purpose as the moist- 
.ened cloth in the pile of Volta. 
See fig. 27.- 

Compound circles of this form are yet consideraWy used in 
consequence of the great simplicity of their construction, but 
they- have several not unimportant defects, as ^e liquid, used 
can act only upon one side of' each of the plates, nor can it 
easily be poured at the sa/ne instant into all the' cells, which is 
necessary to secure the greatest energy of the instrument. ■ 

210. Other modes of combination have been devised to remedy 
these defects, most of wliich-may be regarded as modifications 
of the crown of cups of Yolta. » In. this apparatus, which is 
Pig.«. represented, in^the figure ;28, the ex- 

citing solution IS contained in separate 
cups or glasses, disposed circularly or 
in a line'; -each glass contains a pair of 
plates ; and each zinc plate is attached 
to the copper of the next pair by a 
metallic wire, which is soldered to the 
plates. • Instead of glasses, it' is , more 
convenient in practice, to employ a trough of baked wood or 
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glazed earthenware, divided, into separate , cells "by partitions 
of the same material ; and in order tnat the plates maybe im- 
mersed into and taken out of the liquid conveniefttly and at 
the sape HiQnieat, tbey are all attached to a bar of dry wood, 
the necessary connection between the zinc of one cell and the 
copper of the adjoining one' being accomplished by a slip or 
wire of copper. - ' , 

211. Still other modtficatlons of the galvanic battery have 
been proposed, but Faradfty, after very numerous experimenta, 
gives the preference to the Iwitlery invented some years since 
by Dr. Hare of Philadelphia, find described byhim under ibe 
name of the Oahanic Deflagrator. In this Instrument, the cop- 
per plates are made to pass quite around both surface3.or the 
zinc plates, but are prevented from corning in contact with them 
by means of little pUiga of cork; and the cc^per plates are 
separated from each other by the introduction of thin veneers 
Fii. BO. 'of wood, or pieces. ofcar- 

I — . — t— I j I tridge-paper. The copper 

I I I and zinc plates are cut out 



and soldered together, a 
represented in fig. 29, and 
are then bent over the 
n«. »■ Fi(. 31. gauge, as seen in fig. 30; and 

when packed in the wooden box 
/^ constructed to receive them, they 
are arranged aa shown in fig. 31 
— the zinc plate inclosed in one 
of the copper cases being soldered 
to the copper inclosing the next 
adjacentzincplate. Bythismeans 
a great increase of power is obtained. No division of the trough 
into cells is required. 

212. The size and number of the jJates in a battery may be 
varied at pleasure; -but it is found that, except in a very few 
experiments, little is gained by increasing the number of plates 
beyond a very ntoderate limit, a battery of 50 or 100 pairs of 
plates thrown into vigorous action answering nearly every 
purpose of one of far greater extent 

The Calorimotor of Hare, so named by him iVom its surpris- 
ing powerof igniting the metals, is composed of 20 ztric and 20 
copper plates, each about 18 inches square, so arranged as to 
constitute two pairs. This instrument, notwithstanding its 
great heating power, possesses but a very feeble electrical 
energy, not in any degree superior to that of two pwrs of very 
small plates. 

213. A very effective battery which for most purposes it is 
thought will supersede all others' has been formed by Daniel 
of London, by com'binlng 20 or 25 of tbe simple circles already 
described (201, fig: 25). From Hie constancy of itSACtion it U 
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called tbe conetant bqttery ;- and posstesses &r gretater ener^ 
thai^ a batteryof any othe^ construction with an equal q^uantity 
of metal. -. • 

. 214. The electrical cglidition o? compound voltaic arrange* 
ments is simiJar to that of jthe simple circle. Jn the broken cir- 
cuit no electric current can be- traced ; but in the closed chr- 
cuit, that is, when the wires from ^h^ oi^site ends of the 
battery are in contact, the galvanometer indicates a podtive 
electric ctirrent-througlTthe battery itself and along the wires, 
as $hown by the ai^rpws in. figure 28. . 

S15. A» batteries* ttfe sometimes oon^racted, and as tbey are nsually 
represented in books,*^ tlye direction 6f the «brrent appean to be the reverse 
of that iii the simple cirGqit,'but thisJs in eoine^eace'of thfere being a 
snperfiaons piate at each- extremity which servers only as % conductor. In 
the figures in tliis book, hovf^eyer, these supeitHuous plates are not repre^. 
sented, and ^le remarks'in the (ext are made with reference to instruments 
of this construction.^ * . * ' 

2i6.^ The energy of the battet-y depends very much upon the 
nature of the liquid used. A solution of common salt, sulphate 
of soda, nitrate of potassa, aluif>, hydrochlorate of ammonia, or 
other salt wiU answer the purpose, but acids are much better. 
Generally one of the stronger acids is used diluted with 20 or 
30 times its-weight of water, ,. Nitric acid gives the battery the 
greatest enei^y, but the action is of short continuance, while 
hydrochloric apid produces a less intense but more enduring 
action. Faraday recommends for ordinary purposes a mixture 
of 4 J parts of siuphuric acid with 4 of nitric diluted with 200 of 
water. Whatever may be the liquid used, it is of great im- 
portance that aM the cells of the battery be filled with the same. 

217. The electrical column of De Luc is ^nerally closed among gaJ. 
Tanic arrangements. As originally* contrived it was formed of disks of 
Dutch gilt paper, alternated with similar disks of laminated zinc. These 
were piled upon each other in an ordinary dry state; and instefid of being 
soon exhausted, as is the-case with other cornlunatioos, it continued in active 
operation for years. A similar pile, it is said, ma^ be formed by laying a 
mixturei of very finely powdered xinc with cominon glue and a little su^ar, 
by means of a brush, on the back of Dutch gilt paper, and when dry, cutting 
it in disks, which are to.be piled upon each otheN,, 

.218. This has been qtjoted as an Instance in which electricity is excited 
b^ simple 6ontact ; but it appears^ &s the column gives no signs of electri- 
city when made perfectly firee from moisture, that something more' than the 
mere contact of the metali^ is. required^ and the zinc, it^is observed, is gradu- 
ally oxydized. . It is tru^, the quantity of elefctricity developed is very large 
in proportion to the slight oxydation of the metals that takes place, Vut at 
the same time it appears to be in., the exact ratio of the amount of tiiia 
oxydation. The action of the column is therefore promoted by any inciease 
in the moisture of the atmosphere, or by elevation of temperature. 

Several animals, as the torpedo, und tjie -gymnotua eltcVncus, have the 
^'poiver of giving powerful shocks of electricity, by means of peenliar^gal- 

8* .' . ■ .' 
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vanic arrangements with which nature has providbed JthenT. Bat it would 
be out of place here to enter upon a detiiiled acdbunt of these phenomena. 

219. Laws of the Action of GcUvanic Circles, — ^Electricians 
distinguish between quantity and intensity in galvanism as in 
ordinary electricity. Quantity , in Teference to a voltaic circle, 
signifies the quantity of electric fluid set in motion ;■ and by 
tension or intensiiy is meant the energy or effort with which a 
current is impelled. If two similar conducting surfaces of equal 
extent be supplied with equal quantities of free el^tridty, they 
will possess the same intensity, but if one surface is larger than 
the other, the intensity of the smaller w^l be the greatest. In- 
deed, the intensity will always be in proportion to the quantity 
of electricity upon a- given amount (as a scjuare inch) of sur- 
face. We may suppose the degree of intensity to depepd upon 
the smallness of the distance at which the particles are placed 
from each other. The nearer they are the greater will be the 
repulsion which they will exercise upon, each ofher, and the 
greater will be their attraction for the oppoisite electricity^ but 
the quantity will depend upon the extent of sur&ce over which 
it is distributed. • < , . 

A large quantity of electricity requires conductors to be of 
larger Sze that the current may be freely transmitted, but cur-, 
rents of high tension are urged forward with greater impetu- 
osity than feeble ones, even of greater quantity, and more 
readily overcome obstacles interposed 'to their passage. 

220. The current of a single pair of plates, though variable 
in intensity according as the nature and strength of the exciting 
liquid varies, nev^r-attains a high tension. And even the com- 
pound circle, though the pairs of plates be numerouf, often 
fails to acquire a high intensity in consequence Of the liquid 
used being a. good conductor and of course affording opportu- 
nity for spontaneous dischargesr^ The circle which gives the 
highest tension is one that excites electricity sufficient for 
charging the apparatus, while it opposes an obstacle to spon- 
taneous discharges. A battery of numerous small plates excited 
by water, or a weak salfne of acid solution, best answers these 
conditions. " ' 

291. The quantity of electricity circulating' in a galvanic battery is ex- 
actly the same in all its parts ; on the wire which unites the poles, and in 
the liquid in which the plates a^e immersed. 

It is found to be exactly proportional to the magnetic and chemical effects 
which it is capable of producing in a iqanner to be hereafter explained, and 
hence the quantity of electricity moving through any dosed circuit is readily 
determined .either by the deflection which it causes to a magnetic needle, 
or by its power of chemical decomposition, Whei;e quantity of electricity 
alone is desired, a single pair of plates is just as useful a8> compound circle. 

222. By numerous experiments it has been found that the quantity of 
electricity developed by a single pair of plates is exactly proportional to (he 
surface immersed in the liquid ; and, other things being equal, inversely as 
the square roots of the distance between the plate^ If the plates are placed 
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at a gWen distance from eaeh other, it will be] inversely Z9 the square joot 
of the length of the conaectingr wire. ^ • • ^ . r 

It has been shown too that the- quantity developed by a oompousd circle 
is not increased by increasing the number of* plates; a single pair with a 
good conducting liquid, and supplied with a large connecting wire« produces 
the same effects in respect to quantity as a batter/ composed of several pairs 
of the same size, V ' 

223. The quantity of a compound decoftiposed by a battery is always 
proportioiial to the quantity of electricity Ihat passes ; but as' the compounds 
exposed to galvahic action are always imperfect conductors, the quantity 
of electricity that passes will of coarse depend upon its intensity. Hence 
chemical decompoeitien actually depends upon >qaantity and intensity 
togethef . 



SECTION III. 
EFFECTS OF GALVANISM. 

• 

224. The effects capable of being produced by galvanic com- 
binations, may conveniently- be divided into three classes, viz., 
the electrical, chemical, and the magnetic. 

Blectricat EffecU. — Thesef ajre so called because they are so 
perfectly analogous to the effects of ordinary electricity. They 
are besrt: ei^hibited by the broken circuit, and depend more 
upon intensity than upon quantity. 

225. A Ley den phial may be charged bv contact of its inner 
coating with one wire of the circle, while the outer coating 
communicates either with the qther'wire or with the ground 
Biit the charge is always of feeble intensity. - ' 

226. On approximating the wires of an active battery, a bril* 
liant spark is seen to pass between them ; and on establishing 
the communication by means of the hands, previously moist- 
ened, a distinct shock is perceived. 0% sending the current 
through fine metallic wire& or slender pieces of plumbago or. 
compact -charcoal, these conductors become intensely heated, 
the wires even of the most'refi-actory metals are fused, dud a 
vivid white light appears at the points of the charcoal, equal if 
not superior in intensity to that emitted during the burning of 
phosphorus in oxygen gas ; and as this phenomenon fakes place 
in an atmosphere void of oxygen, or even under the surface of 
water, it manifestly cartnot be ascribed to combustion. ' If the 
commtmication be established by metallic leaves, the metals 
burn with Vivid scintillations. ^ . 

227. In burning metallic-leaf and* igniting charcoal, a large 
quantity of electricity4s required of considerably high intensity. 
The phenomena seem to aris^ from the current passing along 
these substances with difficulty; a circumstance which, as they 
are perfect conductors, can only happen when the quantity to 



be transmitted Is out of prop^rtioft to the extent of surface over 
which it has to pass, and thQ ihtensiliy miist be s^^cient to 
enable the current to pass freely over the interruption in the 
circuit between the charcoal points, or between the metallic 
leaves arid the opposite pole. ' To ignite a wire in the clpsed 
eircle, so high intensity is.not necessary. 

228. THq effects of galyanism aboTC described are so similar to those of 
the electrical .naachine, that it- is impossible to witness and compare both 
series of phecMineiia -witbouC ascribing tbera to tlie same agent. • Tbe-qoes- 
tion of identity .bas occupied the attention of difTerept experimenters, and the 
most satisfactory evidence obtainetl that bot^ ^ets of ^phenooiena are io bo 
attributed to Che same agent. ^ . ^^ - 

These researches have led to a remarkable contrast between the quantity 
of electricity eoncerned ia the production of Tolta'ic and ordiner^ electrical 
phenomena, Fataday states' that the quantity of electric fluid employed in 
decomposing a single grain ofwater is equal to that ofk very powerful Hash 
of lightning; and this statement; Surprising as it is, is supported by so 
strong evidence, that it is difficult to withhold assent to the assertion. 

'^29. Chemical Effects. — The chemic^ effect of galvanism 
first noticed was in the deqompib^itiQn of water, wMch, as w.e 
shall hereafter see, is^li compound of. oxygen and hyd/ogen, in 
the ratio by volume of one part'of the former to two of tire 
latter. . ; ^ . . 

When two gold or platinum 'wires are conoected with the 
opposite ends of a battery, and their fiee extremities are plunge^ 
into the saiiie cup of water, but without touching each other, 
hydrogen gas is disengaged at the negative and oxygen at the 
positive wire'. By collecting the gases in separate tubes as 
ihey escape,' they are found to be quite pure, and in the exact 
ratio of two measures of hydrogen to one of oxygen. When 
wires of a more oxydable metal ^re employed, the result is 
somewhat different. .The hydrogen gas appears as usual at 
the negative wire ; but the oxygen, instead pf escaping, com* 
bines with the- metal, and converts it into an oxide. 

If other compb.und^%Odies, such as acids and saHs, are ex- 
posed to' the action of galvanism, tliey are also decomposed', 
one of their eleinents appealing at one aide, of th^T)attery,^and 
the other at its opposite extremity. An exact uniformity in the 
circumstances attending the decomposition is also remarked. 
Thus, m decomposing water or other conipounds, the same 
kind of body js always disengaged at the same side of the bat- 
tery. The metals, inflammable substances in general,.the alka- 
lies, earths, and the oxides of the common metals, are found at 
the negative wire; while oxygen, chlorine, and the ^cids, go 
over to the positive surface. 

Those substances which appear at the positive si^e have^jeen. 
called electro-negative bodies, while those that are separated at 
the negative wire are called electrchpoeilives. - ^ 

The same effect is .produced, it is found,,even though the 
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SQlntion acted upon is placed in separate' cups, provided some 
fibres of cotton or amianthus-sre moistened and n>ade to extend 
from, the liquid in one cup to the liquid lathe other; one of the 
ingredients of 'the compound > appearing in one cup and :the 
other in the other. 

230. A convenient method of performing the ^xperipaent is to 
place a solution of some salt, as sulphate of soda, in -two small 
glass cups placed side by side, with a few fibres oi cotton 
moistened with the same-^solutioni extending from one to the . 
other. Decomposition of the salt commences at once, when the 
circuit is completed, and the acid is found to be collecting in 
the cup connected with the positive pole, and the alkali in the 
other ; as will be made eVident to the eye by pouring in£o the 
cups a little, of the blue infusion of red cabbage, which is 
changed to rpd by an acid, and green by an alkalL. 

ftg.32.' • %$I* It has been asserted farther that the aame 

effect would be produced even though a third cup 
filled with pure water, or ammoifia, or other liquid, 
virere placed between the two cupa containing the 
sdlution of salt, both the acid^ and the base passing 
directly, through the intermediate ciip, without being 
affected by its contents. -The current of electricity 
en this supposition must not only effect the decomposition of the salt and 
transfer its elements each to its proper pole, but roust also suspend entirely 
the operation of affinity, so as to enable an acid to pass directly through an 
alkaline solufioh, or an alk&li through an acid,' without combination taking 
place between them, except in cases when an insoluble compound is formed 
as with sulphuric acid and baryta. 

232. But Faraday has shown that this requires much modification to be 
in conformity to truth, and that the elements of computmd bodies can 
aqipear at the opposite poles only when the solution of that body extends 
quite from one pole to the other. If^ lor instance, a solution of sulphate of 
mdgnesia be caiiefolly covered with pure water, so as to avoid all admixture 
of particles, and the positive pole touch the magesian' solution only, while 
thejiegative pole is in contact with the water pnl|r, a deposit df fnagnesia 
tak^ place just where the water and the magnesian soluti^ meet, and none 
reaches the negative pole. ' v^ 

233. Faraday, in revising this palrt of the science, has 
introdaced a number of terms which it is necessary here to 
explain. It has already been remarked that the poles he 
calls electrodes ; these are the surfaces of water, air, metal, 
or any other substance, which serve to convey an electric cur- 
rent into and from the liquid to be decomposed. The surfaces 
of this liquid which are in immediate contact with the electrodes, 
and where the elements niake their appearance, are termed 
anode and cathode^ from ova, upwards^ and o5oj, the way in 
which the .sun rises, and xaftat.downwardst the way in which] 
the sun sets. . The anode is where the positivfe current is sup- 
posed to enter, and the cathode where it quits, the decomposing 
liquid'.; its direction,, when the electrodes are placed east fuid 



04 . MANUAIi OF CHEMISTRT. 

west, corresponding with that of the posilive current which |b 
thought to circulate on the surface of "the ear^ii, as will be 
briefly Qxplained on a subsequent page of this work. 

^^M. To electrolyze a compound^ is to decompose it by the 
direct action of galvanism, its name being formed from v/Kextpoif 
and xvwivto unloose, or set free ; anc} ah'electroly te is a compound 
which may be^eltfctrolyzed. The elements of an electrolyte 
are called ioits, from the verb wymt, to go. - Aniovs are the ions • 
which appear' at the anode, and are usually termed the electro- 
negative ingriedients of a compound, such as pxygen, chlorine, 
and acids ; and the dectra-^ositive substances, hydrogen, me- 
tals, alkalies, which appeTar at the <5athode,'are cations, What^ 
ever may be thought of the necessity for some of these terms, 
the words electrode, electrolyze, and electrolyte, are peculiarly 
appropriate*^ . ; . 

235. Contrary to what has been generally supposed, 11: seems 
now to be determined that al} compound bodies are not elec- 
trolytes, that is, are not directly decomposable by an electric 
current; and those that are capable of decompositioh require 
for this purpose very different degrees of electric force. 

236. Some substances however which are Bot directly decomposable by 
the current, are decomposed by a secondary action. Thus on subjectinir 
nitric acid to voltaic action, though not an electrolyte, the w^ter contained 
in it is ele'ctrolyzed, and its hydrogen arriving at the negative electrode, de« 
composes some of the nitric acid, with the formation of nitrous acid. So^ 
in solution of ammonia, the oxygen of the water decomposed unites at the 
positive electrode with the hydrogen of the ammonia, and nitrogen gas -is 
evolved^.. .-.. . - - 

237. Faraday finds there is no such thing as a, transfer of ions as was 
formerly supposed (231) ; iii order {hat decomposition may. take place, it is 
necessary that the decomjiosing liquid, should extend .quite from one elec- 
trode to the pther, between which the electric current passes. An electro- 
lyte therefore Is always a conductor, and decomposition of a liquid always 
attends conduction. 714? applies equally to the liquid used inlHe cells of 
the battery, whioh cannot be excited w^th a liquii^ that is not an electrolyte. 

238. Chemical compounds difSet very much in.the electrical forcerequired 
for their decomposition. A current of feeblet^sion separates the elements 
of iodide of potassium In solution, while a much higher intensity is required 
to decompose water. ^ 

239. But from what has ^een said (229, 234)^ it is not to be inferred that 
every substance will always make its appearance at the same side of the 
battery { whatever may. be the other body fh>m which it has been separated 
by the electrolytic atition. Oxygen is the only substance that is always 
separated at tlve positive electrode.; that is, it is always an anion or electro, 
negative. So potassium is the only substance uniformly obtained at the 
caSiode ; that is, it is always a cation or electro-positive. 

240. In the following table fVom Kane^s Chemistry, all the well-known 
simple substances are arranged in the order of their negative-electric ener. 
gibs, beginning at the top of the lefl-hand column and proceeding down 
that column, up the second, down the third, aiid np the fourth. The most 
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powerfbily positive rab0tanoe'wiH,'of comw, be fboiiil nt tke topof the lait 
eolanm, aod Qtherlxxiiea in the order of their pqipitive electric ener^es. Any 
snbstanoe in' the list therefore is negative with reference. to aU those that 
follow it in reading fi'em^ the lefl to the right, ^nd positive- in relation to 
those in the opposite direction, .or durection in which the ariowa point 
Thns hydrogen is negat}ve with reference to all the substan'ces in the fourth, 
column/but positivQ in relation to all in tW three preceding columns, except 
carbon, which staiids at the bottom of the third! * 
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Electro-negative. 


J 


r 


Electro-poBitive. 


Oxygen, 


Mercury, 


Palladium^ 


Potassium, 


Fluorine, 


Chromium^ " ' 


Silver, 


Sodium, 


Chlorine, 


Vanadium, - 


Cofppor, 


' Lithium, 


Bromine,. 


Iridium, ' 


Lead, 


Bai'ium, 


Iodine, 


Rhodium, 


Tin, - 


/Strontium, 


A Sulphur, ■ 


M Uranium, 


L Bismuth, 


w Calcium, 


f Selenium, 


1 Osmium, 


f Cobalt, 


7 Magnet^ium, 


1 TcUuriu^, 


i PJalinum, 


1 Nickel, 


l.Glucinum, 


n Nitrogen,* 


f Titanium, 


i Iron, . 


1 Yttrium, 


PhosphiMrus, 


Gold, 


Manganese, 


Thorium, 


Arsenic, 


Molybdenum, 


. Cadmium, 


Aluminum, 


Antimony, 


Tungsten, 


Zinc, 


Zirconium, 


Silicon, 


Columbiam, 


Hydrogen,- 


LantUnum, 


Boron, 


• . . 


. Carbon, 


Cerium. 











24 L Magnetic Effects. ^^The magnetic effects of galvanism 
tu*e exceedingly interesting and important, and are therefore 
made the subj^ of a separate section. 



SECTION IV. - ^ 

• • • . . 

ft 

ELECTRO MAGlVETlSM. 

In »rder to be properly prepared for the discussion of Elec- 
tro-Magnetism, it will be necessary to make a few brief remarks 

upon the general subject of 

■ ' -> ^ 

MAGNETISM, 

242. Among ores of iron, pieces are often found which possess 
the property of attracting and retaining pieces of iron or steel 
with more or less force; and are called magnets or toadstorie. 
These piece's are generally^' composed of the protoxide and 
peroxide of iron united in definite proportions, and often mixed 
with a little silica, alumina, or other substance. Each magnet 
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always has two poipts in which the attractive force appears to 
be concentrated, which are caHed the j?o/c*. They are always 
readily founctby rolling the magnet in iron filings, which will 
be collected more at these points than in other places. Gene- 
rally f hey are nearly opposite to each other. If a magnet is 
broken into several pieces, each always retains the same mag- 
netic properties as the whole mass, but in less degree. Some- 
times a magnet na§ more th^ two poles. 

243. If a magnet be suspended horizontally by a thread, or 
placed upon a piece of cotk floating hi a vessel of water, one 
of the poles will turn towards the north and is hence called, the 
north polei and the other towardi^ the south and is called the 
south pole. Berzelius has. p]:oposed to, call them j^o^'^fve ahd 
negative poles. 

If two magneto thus suspended are brought near each other 
it wUl be found that like poles repel each other; but unlike poles 
attract. These attractions and repulsions extend to some dis- 
tance, and are hot affected by the intei^position of other bodies 
not capable of becoming magnetic 

• 244. When one of the poles of a magnet is brought in contact 
with a small piece of soft iron, the iron itself becomes magnetic 
and remains so while the magnet isin contact with it. Thus 
when a apiece of iron is lifted by a magnet by one end, 4t will 
always be found the other end possesses the same polarity as 
that point of the magnet with which it is in contact, the other 
end in contact with the magnet of course possessing the oppo- 
site polarity. < To this piece a second and a third "even may be 
Fisr. 33. attached, each 'being .rendered magnetic while the con- 
tact is maintained. The moment the connection with the 
first magnet is broken, all signs of magnetism disappear 
from the pieces of iron.. 

Fig. 33 represents a magnet of steel .sustaining a nail, 
^hkh itself becomes a magnet alad sustains a smaller 
nail, to which a sewing needle is in turn attached iii the 
same manner. Upon removing the magnet, the magnet- 
ism in the nails at once disappears. 

245. Pieces of steel will also be affected in. a similar 
manner but much less readily, and, unlike iron, tbey re- 
tam the magnetism that has been induced. They there- 
fore become permanently magnetic ; and for nearly every 
purpose are superior to the natural magnet. ^The same 
magnet may be used successively to magnetize any num- 
ber of steel bars without losing any of^its virtue, if the 
bars be not too large; from which it followis that the 
magnet communicates nothing to them, but only by its 
influence developes sdme hidden principle already there. 
Artificial magnets are frequently made 'in the form of the 
horse-shoe, and are called horse-shoe magnets. To the poles 
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a short piece of soft iron iaxtsually accurately fitted, called the 
armature or ke^er.. 

246. A slender bar of masneti2ed stieel suspended upon a 
pivot so ^ to revolve fireely constitutes the maffnetic needle. 
Sometimes it is attached tp a .circular card and suspended upon 
a pivot as in the mariner's compass. ^ . , 

247. If a steel .bar be suspended; by its centre of gravity and 
afterwards carefully matgnetized, it ^1 .be found not only to 
place itself in the magnetic meridian, but to assume a position 

'inclined to the horizon. In northern latitudes the north pole 
will be depressed and the south poleelevat^, while in southern 
latitudes the south pole wiU be depressed. The angle of incH^ 
nation is generally nearly the same. in the same place, and is 
called the dip of the needle; and ^needle nicely balanced and 
adjusted for showing the dip is called a dipping' needle. 

1248. Other teetab, as nickel, cobalt, manganese, and chromium, and even 
tilver and copper, are 'capable of becoming magnetic but in a loss degree 
than iron or steel. Indeed it .has been found that all or nearly all sabatancee 
are capable of being' acted upon by a powerful ihagnet, so as to Indicate 
feeble polarity. 

S49. Beside the method poihted out above, magnetism may be -oonnnun|. 
cated to ban of iron and steel by various other means, as by placing tliem for 
some Ume in a perpendicular positioniTHjr better in the positi<m of the dip- 
ping needl^^by torsion or twitrting in a particular manner,- by the blow of 
a hammer, or by .'pressure,, and by the galvanic current, av will be shown 
hereafter. - 

250. The earth may be considered as a great natural magnet, 
which, by its action on the needle in the same manner as any 
other magnet, causes it to place itself in the position of nortn 
and south. Its magnetism will of course be the resqlt of the 
magnetism of all its parts combined. 

251. It has been ascertained that magnetism is also capable of producing 
certain chemical eflTects. When a solution of nitrate of silver contained in 
a syphon tube, with a few, grains of metallic mercury, is placed in the 
direction of the meridian, the silvei', it is said, will be precipitated more 
rapidly than when it is placed in the direction of east and west, and thar 
crystals will be mcfre numerous and/ more perfect in the northern than in 
the soQtbern part. When it is placed east and west the silver is predpi- 
tated alike in both parts. Murray placed some* pieces of iron wire in a 
weak solution of silver, and no precipitation took place till a mc^et was 
broaght near rt, which caused . the reduction of &e metal immediately. 
These facts will not appear at. all surprising when we have discussed the 
intimate relation between magnetism and electricity. 

ELECT RQ- MAGNETISM. 

252. The power of lightning in destroying and even revers- 
ing the pole? of a magnet, and in communicating magnetic 
properties to pieces of iron which did not previously possess 
them, was noticed at an early period of the science of electri 

9 
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city, and led to the supposition that similar effects may be pro- 
duced by the common electrical and voltaic apparatus. AU 
tempts were accordingly made to cqiamunicate the magnetic 
virtue by means of electricity and galvanism; but no results 
of importance were obtained till the winter of 181% when 
Oersted of Copenhagen made his famous .discovery, which 
forms the basis of a new branch of science. 

The feot oljserved by Oetsted was, that the metallic wire Of 
a closed galvanic circle cai^s a magnetic needle* placed 'near 
it to deviate from its liatur^ position, and assume a new one, 
the direction of which depends upon the relative position of the 
needle and the wire. , On placing the wire above the magnet 
and pafallel to it, the pole next the negative end of the battery 
always moves westward; and when u\e wire is placed under 
the needle, the same polfe. goes towards the east If the wire i& 
on the same horizontal plane with^ the needle, no declination 
whatever takes place ; but the ma^et shows a disposition to 
move in a vertical direction, the pole next the negative side of 
the battery being depressed w'hen the wire is to the- west of it, 
and elevated when it is placed on the east side. 

253. Ampere has suggested a useful aid for recollecting the 
direction of these movements. Let the observer regard him- 
self as the conductor, and suppose a positive electric current to 
pass from his head towards his feet» in a direction parallel to a 
magnet ; thien its north pole in front of him will move to his 
right side, and its south pole to his left. The plane in which 
the magnet moves is always paraUel to the plane in which the 
observer supposes himself to be placed. If the plane of his 
chest is horizontal, the plane of the magnet'^ motion will be 
horizontal; but if he liepn either side otthe horizontally sus- 
pended magnet, his face being towards it,. the plane of his chest 
will be vertical, and the magnet \jrill tend to move in a. vertical 
plane. 

254. The extent of the declination occasioned by a voltaic 
circle depends upon the quantity of electricity in motion, and 
the distance of the connecting wirefrom the needle. The de- 
clination may amount to 45^; but this does, not give an exact 
idea of the real effect which may be produced by galvanism ; 
for the motion of the magnetic needfe is counteracted by the 
magnetism of the earth. When the influence of this power is 
destroyed by means of another magnet, the needle will place 
itself directly across the connecting wire; so that the real 
tendency of a magnet is to stand at right angles to an electric 
current v 

255. The communicating wire is also capable of attracting 
and repelling the poles of a magnet This is easily demon- 
strated by permitting a horizontally suspended magnet to 
assume the direction of north and south, and placing near it 
the^ conducting wire of a closed circle, held vertically and at 
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right an^eftio the aeedle, the positive current bein^ supposed 
to flow from below upwards. When, the wire isjeaactly inter- 
mediate betweeii the magnetic poles, no effect is observed; .on 
moviog the wire nearly midway towards the north "pole, that 
is, to the pole which pbints^to-the norths the needle will be at- 
tracted; and repulsion will ensue when the wire is moved close 
to the north pole itself. Similar efiect^ occur on advancing the 
wire towards the south pole. Such are the phenomena if the 
positive current ascend on the west side of the needle; but they 
are reversed when the wire is placed vertically on the east side. 
AttFactiena and repulsiena likewise take place in a dipping 
needle, wl\en the current ^qwfi horizontally across it. 

256. By a careful inspection of- the motions of the needle 
above described, in the different positions of the conducting 
wire, it will be seen that the tendency of «ach pole iis to revolve 
around the wire, but in 4>pposite oirections. The magnetic 
force which emanates from the conducting wire is evidently 
exerted in a plane jga^ndiculaif to the wire, and tends to pro- 
duce motion in a circular direction all-around it: that is, a 
direction at right angles to the radius, or in the direction of the 
tangent o£aeircle.describc|d«'around the wire, in a plane per- 
pendioukur to it. It is therefore very properly called a tangential 
force, 

257. The direction. in the circumference of these circles, of 
the action exerted on either pole of a magnet by the electrical 
current moving at right angles to the plane of the circles, is 
determined l)y the direction of the current If we suppose the 
conducting wire to be placed in a vertical position, and the 
current of positive electricity to be descending'throuy^h it, the 
tandency of a north pole in the vicinity pf the wire will be to 
move around it in a horizontal circle, in the direction as indi-^ 
cated by the arro.ws in 6g. 34, or in the direction of the hands 

Fiy. 34, > of a -watch with the dial upward. 

The tendency of the south pole 

would be to revolve in the op^ 

posite direction. If the direction 

of the electrical current is reversed 

and made to pass upward, both 

poles would tend to revolve in the 

opposite direction from that de- 

<«cribed above. Whatever may be 

the position of the condacting 

wire with reference to the needle, 

the motions produced will always 

oe in accwdandB^ With these principles. 

258. The rotation of a magnetib pole around the electric cur- 
rent may be shown by the apparatus represented by figure 35. 
In the bottom of a cup of sufficient depth a copper wire Cd, is 
cemented, and at C a small cylindric magnet Bn is attached by 
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A conduotor at is thea fixed perpendicularly 
over the mef-cury, with ita lower end dipping 
into it. If now the positive current is made 
to descend through the cup of mercuiy, the 
nmlh pole nwiU revolve sronndtRe current 
In the direction pointed out above. 

259. It. requires no r^ection to perceive 
that, if the pole Of & magnetic neetUe tends 
to revolve around a fixed conducting wire, 

I a iree wire wDl have a tendency to revolve 
around the pole of a fixed needle. Thus let 
n, figure 36, be the north pole of a fixed 
needle standing in a cup of mercury, and 
having & conducting wire d cemented in the 
bottom. The part tS of the conducting wire 
above the mercury and dipping in it ia 
moveable, and reyplves around the pole 
when the electric current is passed through 
it. Its direetion is always the same as that 
^ the pc^e would be were fhat moveable 
and the wire fixed. 

260. The phenomena of electro-dynanrics 
I are soleivprodaCed by electricity in motion. 

Accumulated electricity giving rise to ten- 
sion, which acts so essential a part in experi- 
ments with the electrical machine, has no 
infiuence whatever oh a magnetic ncndle. 
The passage of electricity through solid or 
liquid conductors is essential ; and it is re- 
markable that the more.fi-eely the current i9 transmitted, that 
is, the more perfect the conducting substance, the more ener- 
getic is its deflecting power. 

261. Hence the best form of the battery for producing the 
magnetic efFecta, as before su^ested, is Uiat with a few pairs 
of «rge plates, or such as will produce a large quantity (2J9) 
of electricity without any reference to its intensity. 

262l But a magnetic needle will not only indicate the exist- 
ence and direct)o~n of an electric current: it may serve, by the 
degree of deflection, as an exact measure of its force, Wfien 
used for this purpose, under the name of Galvanometer, some 
peculiar arrangements are required in order to insure the re- 
quisite delicacy and precision. Experiment proves that a 
magnet is equally afiected by every point of & conductor along 
which an electric current is passing, so that a wire transmitting 
the same current will act with more or less energy, according 
as the number of its parts conligiioiis to the needle is made to 
rary. On this principle is constructed the Oalvariomeltr or 
JtfuIf^tferoifSctiweigger. A copper wire is bent into a rectai^ 
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Kg. 37. gular form consUtin^ of several coils, 

' and in the centre of the rectangle is 
placed^ a delicately suspended needle^ 
as st>own in fig. 37. Each coil adds 
.its Influence to that of tt^ others ^ and 
as th'e current, in its j^gress along the wire, passes repeatedly 
above and bdow the needle in opposite directions, their joint 
action is the same. In order to prevent the electricity from, 
passing laterally from one coil to another in contact with it, the 
wire should be covered with'silk: The ends of the wire, a and 
6, are left free for the purpose of <;(mununication with the oppo^ 
site ends of the voltaic circle. When a single needle is em- 
ployed, as shown in the figure, its movements are influenced 
partly by the earth's magnetism, and parti v by the electric 
current. The indications are. much more delicfate when the 
Fiff. 38. needle is rendered astaiie, that.is, when 

its directive property is destroyed by 
the proximity 6f another needle of equal 
magnetic intensity, fixed parallel to it, 
and in a, reversed position, each needle 
having" its north pole adjacent to the 
south pole of the other : in this state, the 
needles; neutralizing each other, are un- 
affected by the magnetism of the earth, 
while they are still subject to the influ- 
ence of galvanism. If, as in figure 38, 
the lower needle Ire within the rectangle, 
and the upper needle just above it, the 
electric current flowing between thelfti 
will act on both in the same manner. 
For researches of great delicacy:, many 
precautions are necessary, which it is 
-not important here to notice. 

263. The mutual influence of a mag- 
I netic pole and a conducting wire, changes 
with the distance . between them; and 
experiment leads to the conclusion that 
the attractfon of a magnetic pole on a single point of ^ con- 
ductor varies Inversely as the square of the distance; the same 
law, which regulates the distribution of heat and light. 

264. As might be expected, the wire which connects the poles 
of the battery ,~ while the current is passing, becomes itself mag- 
netic, as may- readily be shown by bringing it in contact with 
iron filings. Indeed, aJl the. attractions and repulsipns of the 
needle by the electric current, may be explained upon the sup- 
position that this current acts upon it in precisely the same 
manner as another m^^net . Hence the wire possessing po- 
larity ought to be influenced by the earth's magnetism, and, If 
made to revolve properly, ought to settle in a uniform position ' 
9* 
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vithrespect to the magnetictn^diBD, as it actually does. But 
in order that the effect may be perceptible, it is necessary that 
a coil or hetix of the wire should be formed^so that aa many 
points aa possible ahould be affected by the earth's magnetism 
in a similar manner, or be urged jathe same direction. 

This may be ^own by an elegant apparatus of De la Rive, 
which consists of a cireular copper wire, the extremities of 
Kbich are passed through a cork, and soldered to a plate of 
zinc and ctqqier. On pfacing the arrangement in a vessel of 
Fi|. » actdulsted water, a positive electric 

«=i,v cnrrenl passes from the copper 

"ff y^ jdate around the circle to the zinc, 

t mJ^ ^* abo.wn in fig. 39 ; and as the cork 

^ — ^ renders the apparatus buoyant, a 
^^^^^^^^^^^^Q very slight force will throw It into 
. -^^^B^^^^S^Bb motion. It will therefore readily 
^^^^^^^^^^^^^^^ arrange itself at right angles to the 
magnetic meridian, and cm^resentingnear it either pole of a 
magnet, it will exhibit various pheno^iena of attraction and 
repulsion, all explicable oq the principles already explained 
We may, therefore, properly regard it as a flat magnet having 
its two poles in the centre of it, the one on one side, and the 
other on theyJtIier; the touth pole being in that sur&ce on 
which, when held before you, the. positive current flows in the 
direction of the hands of a watch. The apparatus will be more 
powerful if the conducting wire, covered with silk, to prevent 
lateral coiUmunication, hs formed Into several circles of the 
some diameter, on the principle of the multiplier. 
265. The same effect is produced if the wh^ is wound in the 
manned represented in figure 40, being 
^ supported by the two ends resting in 
cups of mercury, and the electric car- 
rent thus made to pass through It. 

But it is n6t necessary that the dif^ 
ferent coils of the wite should lie in the 




same plane, the result being the same if it ia wound in the form 
of a helix, as represemted in fig. 41, the poles in this case being 
developed at the extremities of the helix. 
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266i A current of v(ritaio electricity not only detenninesthe 
)K>sitioh of a magnet, but also induces magnetism in pieces of 
iron or steel which are brought 'withii) its influence. The pieces 
of iron, upon being removed "from the influence of the current, 
at once lose their magnetism, but those of steel become per- 
manently magnetic; just as' in the case of pieces of iron and 
steel in which magnetism has been ''induced by an ordinary 
magnet, as above described (245). This was observed nearly 
at the s$ime time by Arago and Davy, who found that whe^ 
needles kre placed at right angles to the conducting wire, per- 
manent magnetism is com- 
^lUIlicated; and Davy also 
succeeded in producing 
this effect even with, a 
shock of dectricity from a 
Le3rden pbiaL If the con- 
ducting wire is made in 
the fbrm of a helix, as in 
figure 42, into the axis of 
. ' . '• which the piece of iron or 

steel to be magnetized may be placed,- the current in every 
part of its course is nearly at right angles to it; and, as each 
coil adds its effect to that of the others, the united action is ex- 
ceedingly poweifuf; In this manner a small* needle of steel 
may be fully magnetized in an instant. 

267. Though sofl; iron 
does not re&n magnet- 
ism, its magnetic proper- 
ti^ while under the in- 
fluence of an electric cur- 
rent are very surprising. 
A piece of soft iron about 
a foot long and an inch 
in diameter is bent into 
the form of a horse-shoe, 
a copper wire is twisted 
■jj^arotind the bar at right 
angles to its axis, and an 
armature of soft iron, to 
which a weight may be 
attached, is fitted to its 
extremities, as in fig. 43. 
On connecting the ends 
of the wire with a simple 
voltaic circle, even of 
small size, the soft iron instantly becomes a powerful magnet, 
and will support a weight of many pounds. Increasing the 
namber^of coils gives a great increase of power ; but as the 
length of wire required for that purpose diminishes the influ- 
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&nce of the current (2S2), the following arrangement, first sag- 
gested bylhrofessor Henry, of Princeton ColtegCj New Jersey, 
has been adopted with distinguished success. — Sil. Journal^ 
xi5c. 40Q,>and XX. 201. - v 

• 268. The total length of copper wire intended to be used is 
cut into several portions, each of which, covered with silk' or 
cotton thread to present lateral communication, is coiled sepa- 
rately c«i the iron. The ends of all the wires are then collected 
Into two separate parcds, and are m&de to communicate with 
the same. battery, taking care ,t^at.the positive current shall 
pass along each wii^e in 'the same direction. The current is 
thus divided into a number of branches, and has only a short 
passage from one end t>f tbe battery to the other> though it 
gives energy to -a multitude of coils. - 

269, To complete Ihe analogy between the elecjtrlc current 
and the magnet, it is found that two parallel wires, on which 
the current flows iti the same direction, attract eadh oth6r/but 
repel when they flpw.in opposite directions: . ^ ' . 

Considerable Interest has been excited within a few years, 
by several attempts to make use 6( electro-magnetism as a 
motive power •tQ;{»^)pel machinery. Prof* J» Henry^it 4s bcs. 
lleved, first constructed an instrujOaent of this land, capable of 
producing rotary motion; but dectro-magnetic engines of vari- 
ous forms have since been contrived, bjr difi*erent individuals. 

270.- The constructiofi of^a machine- of this kind is exceedingly simple, 
two magnets oixljr hfiing necessarjc, .one of which must be stationary, ami 
so placed that its poles shall be diametrically opposite to each j>ther, and lie 
just outside of the circumference of the circle traced by the poles of the 
revolving magnet, which is supposed tQ be supported by a movable axis in 
its centre. Now^as the polarity of the itoagnet dcjpends upon the directioo 
in which the current is sent around the conducting wire which encircles 
it (264), and can therefore easily be reversed, it is only necessary to adjust 
thevapparatus in such a manner that this effect shall 1)e produced in one of 
the magnets, just as the poles of the revolving, magnet -approach nearest 
those of the Stationary one. Being attracted by the influence of unlike 
poles (243), it will of course now be urged on by the repulsioo of like 
poles ; and the same circumstances wiH constantly be repeated twice each 
revolution, the poles being each revolution twice reversed. 

- 271. It is not necessary that bothahould be electro-magnets: one of them 
may be a common magnetized steel bar, having it»^poIarity, as a «iatter of 
course, permanent. Figure 44_represents a very pimple electroi-magnetie 
machine, which by its motion rings a bell with considenable force. NS are 
the north and south poles of a common horseshoe magnet (^45), which 
stands in a vertical position, with its poles downward. A is a piece of soft 
iron wound with copper wire and fixed upon a vertical axis, so as to revolve 
very accurately between the poles of the magnet; and CG are sockets for 
connecting the* wires from tlie galvanic battery. 7*he extremities of the 
wire around the magnet A connect with CC, by meaas of parts not repre. 
■ented in the figure, in such a manner that the current flows in tfie proper 
direction t» 'devdepe north ^-pohtrtty^n the further extremity A as it v|»- 
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fnmAtt Ihe tMh fait oTlh* nupwt 8i *ti 
tooth polirit; in the othel eitramily u' tl 
■ppraocfaea the noHb pole N; but tbt momenl * 
Ifafl remliiagmipMlbuBrrived >t ■ pontioB 
betWBsn NB, tbe two poles of the itatiooirj 
mip>et,wben it would DfctHmebabeldiftM 
*Bmo poUritr icnttiitM, tba dirMtioo of ths 
ia renraed, ind ■ 



MqaenCe Iho ptJarity of Um lemlTiDg ma^. 
net If iti momGnliim bu now carried it 
B littis bnond tb« point of greatMt ttlrao. 
tioB, it will be orged ui bj repnliian until 
it bw inula ■ qotuter of a renjution, whaa 
it will be attnoted m befora. At R on Ibe 
Tartiey uia ja a- perpetn^ acitm wbioh acbi 
npom the iMth of s ratchet wheel, and cauei 
Ibe banmer to itrika !]» bell B 

Mnn than two magneti are generanj naed, 

iMaallj at leaat two ■tationory and two remlT. 

inf ODSi, hot tben eecli of the reTolfinf or 

ftelicnary mapicti itiiut b«Ta its poliritj 

lavaraad fior timea eieT^ reTolMioa. It la 

moal to change the poUnij of the reTolnng 

maK''^'* ofilj, while thst of tbe otbeia remaina 

pernument. 

L Wbelher this ingeDiooa micbine will aver 

I be made of aiij practical ulilitT. remaina jet 

' to be determined ; bat it ia aud that a boel 

capable of conveying eighteen men baa been 

propelled bj an electrcmagnelic engine oQ 

the Baltic, at tba rste of aome three or tbtee and a bilfmileaan boor. 

272. Any one who has Btudied the Tew preceding pages, can- 
not fell to trace a close analogy between a heiix traversed by 
an electric current and a magnet The former is affected by 
other galvanic conductors, by the poles of a magnet, and by 
the magnetism of the earth. In the same manner as the latter. 
It was this similarity, or rather identity of action, which led 
Ampdre to his theory of magnetism. He supposes that the 
polarity o[ every magnet is solely owing to the circulation, 
within Its substance and at its surface, of electric currents, 
which contimiaHy pass around all its particles in planes per- 
pendicular to its axis. On placing a magnet in its natural posi- 
tion of north and south, the direction of its currents wfJl be 
descending on the east side, passing under the magnet from . 
east to west, and ascending on the west side. -, 

If we suppose the magnet placed before us standing perpen- 
dicularly upon its nortS pole, and of course having Its south 
re upward, the positive electric current Is supfwsed to move 
the direction of the hands of a watch, forming a atrikins 
agreement with what has been said ofthe polarity of the apird 
or helijt (264). 
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ST3. In Kke mannei ire'cuTrenta roppowd la circutBlenilhtn the euth 
mpeciiUy neiir itk narlboe, pasaing from «■! to wesl in planes paraUel lo 
"'ItiB s>B^n«lic equator. Tbeae teneslriBl cuircDti cause all bodiaa, which 
■re fl«elj Mispended, and are posseased of dectric cDrrents, to place them. 
aelTea in auoh a pentisn tfaal (be current on their nodei side should Bow in 
paralteliim, and in the nme directkn, Aith liiat in the eetth immedietelj 
beneath. That the eiiBlonce of lucli current! will account for (he directive 
in^pertj of the oarth, Killoi'i Iroin the mutual action of conduclore ; and 
Barlow, lo render tho analog tW more complste, conatructcd a holloir 
sphere of wood, in which elecUie ciureDta w^re made to cinulate in the 
same direction aa they are thtmght to do" in' the earth ; and bf placing an 
■static needle on diSerent'parta oAita aurftcev he fannd that all the pheno- 
mena ofHerreitnal nnignetiam-i>n|ffct- be imitated. Obaenation -tiM even 
■applied a canaB lor the exiatence of curreDta in the earth, moiing in the 
direction which theiny reqnirea. The diurnal rotation of onr planet on ili 
■lis, eipoaea ila mrface lo ba heated in ■ direction fnasjng frsm east to 
west : and diaconriea which have been made in tlieimo-elcctricity (IBO), 
■ufficiontly prove the pTobabilit; of electric curretita being ealabiiabed in 
the conducting mailer of the earth bj the auccea^ivetielting of IIB parte. 
In abort, the uieory of AmpAre connacts the faots of electro-dynanUca With 
the phenomena of terreatrial nragnetiam, and affnrds a spiendid iuitance of 
^e application of mathematical analysis to pbyeical research. 

274. We hive heretofore seen (187) that the electric fluid 
accumulated and at rest in a body, induces electricity in an- 
other body brought in its vicinity; antj it has been determined 
also that acurfent of electricity, passing' through a helix, is 
capable ofinducing another current in a second helix contained 
within or surrounding the first. But it is to "be observed ttrat 
this Induced current is produced only at the beginning or ceas- 
ing of the indttcing current; in the former case the direciitm 
Pj^ ^j. of the induced is op- 

posite to,'but in the 
latter it is the same 
as that of the in- 
-ducing current This 
has been called voha- 
dectric trujucfion, 
.A very simple appa. 
' ralus, to iUustnte volta. 
electric induction is re- 
preaented in figuro 4S. 
Eitemally a laige coil 
of fine copper wire ia 
■senitermlDalineinsooli- 
els, to which wirea with 
bandies H are aflached, 
to be ghiaped by the 

Ibanda. Within thia is* 
tmaller coil Tif larger 
. wire, the top of whioh IS 
■een at B ; the eitremt 
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ties of this wire are solflerad to the sockets A •ii4 D« the Utter also ooOf 
neeting with the horizontal bar £C» which has an irjrctgular.surfiice, r^ 
■erablingf that of a coarse file^^ Now when the wires fiomr a galvanic 
battery are inserted in the socketSi a .current at on.ce circulates in the inner 
helix or coil, which, at' the moment of forming or breaking the circle, in- 
duces a strong current in the outer o^e, as may be determined by grasping 
the Randies, or>y the galvanometer.' . In order ito break' the- current from, 
the battery more readily, one of the wires ma^ bcattaehed to A, and the 
other drawn over the rough sur&ce -EC^ The use of .the part W will be 
explained 'in the next' paragraph (275)'. . • < , 

275. Ma,ffneto^kctricity.r^Magnetche\ectricityt as the term 
implies, is the reverse of e^ectro-magnetism.^ The. current of 
galvanic electricity circulating around a bar of soft iron, con- 
verts it, as we have seen (96j^ into a temporary magnet, and 
renders a bar of steel permanently magnetic Now, a priori^ 
it would seem very probable t{i&t a magnet placed in the centre 
of a helix-or spiral of metallic wire, would develope in it a cur- 
rent of electricity. This is found to be actually the case ; but- 
the current <San bfr observed xOftl3^ at J^he moment of inserting 
the ma^hel or removing it (274); "Thus it appears that, while 
magnetism may be induced by an .electric current^ electricity 
may also be induced in a wire by a magnet. 

Fis. 46~ - The envelopment of electricity by magnetism 
is shown la s ^ety simple manner, by winding 
the middle of the keeper dr armature AB, fig. 
46, of a powerful- horse-shoe, magnet with cop- 
per wire properly bound, and bringing the two 
extremities of the wire into contact, one of 
which should be flattened a Uttle and amalga- 
mated by dipping it into a solution of nitrate 
of mercury, aiid the other filed to a point. If 
now the armature be suddenly placed upon the 
magnet or reijaoved firom it, a spark of electri- 
city will manifest itself every time, at the point 
of contact C of the two extremities of the wire. 
It matters' not whether the magnet used is a 
permanent one, or an electro-magnet. The 
electro-magnet, as we have seen, consists sim- 
ply of a piece of iron surrounded by a helix of copper wire, 
around whic^the electric current is made to pass. But if this 
is surrounded with a second helix, a current of electricity will 
be induced in it by the inclosed magnet, every time a current 
from the battery is made to pass through the first helix. In- 
deed, two induced currents make their appearance in the outer 
helix each time the. inner one is connected with the battery ; 
one moving in one .direction when the 'current is formed, and 
a second in the opposite direction when it is broken. 

In the apparatus represented in. fig. 45^ as described above (274), the cur- 
rent from the battery is made to circulate in the inner coU, by which a 
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■ecaodirj currnil ii mdnccd in die outer one; bat tKe inteniilj of ttra 
earrent is much |rruler if i bunch of smill wirea of meA iiuo W ii pJsoed 
within Um iimer coiL In the lirat instance % current la induced bj a 
current, bat in tbia cue the viraa ire inagi^tiled, and by their inflnriww 
induce the cumnt in the oulor cm). ... 

976. H(|rDeliheleqtric machinea are conatrocted bj the ok of pennaBent 
magneta, either by oauaing the nngneta to Tevohe, or the iTnuture, gaoo- 
rally the latter. Fig. 47* repm«Dta a machiiM of Mat kind, cootfTncled 



by'Mr. D. Darit, Jr.c^BoMcHL Nfl are the north vidainilh poke aTserenl 
poweriiil magneti [4aced bwiicmttllj npon inpporn and held ficnilj in 
their places. A is an annatnie of sod ii'on,'bent tiviee at right anglei,'aDd 
■nppOTted Dpon an uda fixed between the polea of the mafneta. ao that it 
reralTea before them hj means of the mnlliidyiDe' wheel W. The arms, 
toio ia wound wtth fine copper wire, one end of which ia aoldercd to lh« 
armature itself, bj which it otMnmaniealea with the aiia and breakpieoe 
■een.atO; the other end ia attached to ■ ferule of siUer, which ia fixed 
upon the axis but is insulaled fiom it. It ia not repreMnted in the figure, 
but ia in contact with the wire p, which commnnicates, b; meana of a wiie 
concealed frtxn view, wi^iona of tlie handle! H, the other handle in tbe 
same manner oonnecting with the wire C, which preaees upon the bceak- 
piece. ' Tie handles therefore may be considured as the extremities of tbe 
wire whiefa i> wound upon the armature. 

Now when the armature ia set in motion by the mnltiplyin^-whAl, its 
magnetic state is continually changing. When the two eilnimiliea of tbe 
armatiKe are midway between the polea of the magnet, the armature is 
rieutraL As they adTonce towards the pole!, they acquire a gradosUy in- 



a figure as well aa for figures 44 and 45. I am indebted to tbe 
_f Mr, D. Davia, Jr., the well-known manufaclurer of philoeophkal 
Its, of Boston, (or whoae fbrthcomiDg work on magceUam and elec- 
inciif uie; were prepared. As I have not Been his deecriplions, I mar not 
nave made predaely the aame use-of them for which they were inlenilM. Id 
two of them, a Utile alteration has been mgde. 
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omunng polan^« which is at ite muimnnl when they m opporite/ths 
poIjBa ; as they pass this point the polarity gradually. dinainishes till the ez- 
treinities of the armature are again midway between the polesi when ii 
becomes neutral as before. " 

As the jwlarity of the armature is constanQy increasing or diminishhig when 
in motioii, it is evident a current of electricity (37^)' will constantly bade* 
▼ek>ped in the wire which ^velopes the armature, and this electricity will 
pass between the breakpiece an^ ferule by means -pf th^ wires connecting 
them,' except when it is interrupted bytfae wirC'C slipping fi-om tooth to 
tooth on the break-piece. A person, therefore) grasping' the handles H*, at 
each of these interruptions, will pefioeive a shock of dectricity which, though 
of itself but slight, will be so rapidly fepe^jfted )[>y even moderately turning 
the machine as to beeome intolerable. • 

Intimately associated with mrigneto-elei^c indactioncif itot referable to 
the same origin, is the induction of ^electric currents^ by movement On 
Introducing a magnet suddenly into a helix of copper wire, or withdrawing 
it, a current of electricity is momentarily induced ; and the same effect is 
produced if the. magnet is statiotifury 4md the helix is suddenly moved in its 
vicinity. The direction of th^ movement- is not material, nor ^^a copper 
wire indispensable^ but any .good electrical conductor will answer the pur- 
pose;. Indeed, the general principle has been .determined, that, if ^ sub-, 
stance conducting galvanic- electricity,' produce on' magnets (252), or other 
conductors (^9), cQrtain mbvefnents, then the battery being removed, and 
the ends of the oonduc^r brought together, and the same motions produced 
by niechanical means« the conductor will have' the svne electric stqte induced 
as it had when eonnected with Ih^ battery. 



SECTION V. 
^ THEORIES OF eALVANmM. 

277. Theories of GalvanUm,T-Of the theories proposed to 
account for the development of electricity in voltaic combina- 
tioDS, three Tin particular have attracted -the notice of philoso- 
phers. The first originated with Volta, who conceived that 
eJectricity is set in motion, and the supply kept up, solely by, 
conta^^t or communication between the metals (193). He re- 
garded the interposed solutions merely as conductors, by 
means of which the electricity developed by. each pair of plates 
is conveyed from one part of the apparatus to the other. Thus 
having' constructed the pile by pairs of zinc aftd copper plates, 
as represented by the following series, 

3 2 1 



*■ I '■ 



-f zinc. copper fluid zinc copper ftuid zinc copper — 

he considered that contact between the metals occasions the 
zinc in each pair to be positive,, and the corresponding copper 

10 
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pjate to.be negative ; that the positive zinc in each pair exceprt 
the last, being separated by an intervening stUGitum of liquid' 
from the negative copper of the following pair, yields to it its 
excess of efectricity.; and in- this way each zinc plate commu- 
nicates, not only.the electricity developed by its own contact 
with copper, but also that which it had received from the pair 
of plates immediately before it Thus, in the three pairs 
of plates contained in. brackets, the second ^air receives elec- 
tricity from the first only* while the third pair dtaws a supply 
from the first and second. Hence electricity is 'most freely 
accumulated at one end of the battery, and is proportionafly 
deficient at the. opposite extremity. But.it is bow well known* 
that, in the pile as thus constructed* the two extremcfplates are 
entirely superfluous, as they serve 'only as conductors to the 
current, and contribute nothing to the result (215). 

278. The second is the chemical theory of Wollastpn. '^^o 
observed t^at chemical adtiph is a cbh$tant attendant upon the 
production of galvanic phenomeoa ; and was therefbrQ led to 
assign this as the cause 6i the ei^citement. He observed, fur- 
ther, that no sensible effects are produced by combinations of 
substances which do not act.chemios^lly on each' other; that 
during the action of the pile the 3ino is always oxydized, c^nd 
that its energy is-us|ially proportional- to the activity with 
which its plates are corroded. He therefore concluded that 
the process begins with the oxidation of the zinc,^-that oxy- 
dation, or in other t^ms, phemical action, is the primary cause 
of the development of electricity, — that the fluid of the circle 
serves both to oxydize the zinc and to con4uct the electricity 
which is excitedj-'-and that codtact l)etween the plates serves 
only to conduct electricity, and thereby complete the, i?ircuit. 

279. The third theory of the pile was proposed by Davy, and 
is intermediate between the two forn^r. It supposes that 
electric excitement is often, if not always, begun by the simple 
contact of the,metalsr but that it is malntahied by chemical 
action. .. , _ 

280. The progress of inquiry since these thebirles first came 
into notice, has gradually given more and .more support to the 
views of Wollaston, and has at last, it is believed, established 
them, to the entire exclusion of any other theory. The very 
fundamental position that electricity is excitable as a primary 
result by the mere contact of different substances, is warmly 
contested, and, as many think, has been disproved (185) ; but 
admitting, for the s^ke of argument, that a small effect, which 
Is all that can now be Contended for, may be produced by mere 
contact, it is altogether insignificant when contrasted with the 
astonishing phenomena exhibited by a galvanic circle. Experi- 
ments establishing this point are abundant and conclusive. In 
fact, Faraday has recently shown that in some cases, ^t least, 
excitation takes place decisively before contact 
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FIf. 48. Thaa, |f a plate of zinc cat, figtire 48, bent at right anglea 

be placed opposite one of platinam fr, soldered to a platintuu 
jRrire ksx^ the point of which ar rests on a piece of bibulous 
paper moistenlBd with, a solution of Iodide <n potassium, care 
being t^ikeh to avoid contact of the. metals, a current of elec- 
tricity notwithstanding^ at once "flows in the direction of the 
arrows, when the plates are introduced in a dilute acid, as 
will 'be shown, by the decomposition of the iodide of notassi. 
um,.and by the galranemeter. Saalso the spark paises be- 
tween the wires attached to tbctwo plates' of the single circle 
befihre^ thej are brought in contact 

281. .Ttie theory of WoUporton receiveff strong confirmation 
from tbe-diseoYery of Farad&y of the definite nature of elec- 
tro-cherfiical action. He Has shown' that in a galvanic cirde 
in which no ezoefs. of zinc is ozjdi^ed, the quantity of this metal dissolired 
in a given time from each plate iv in a constant ratio both to the hydrogen 
liberatiBd at the corresponding copper plate, and also at the negative elec- 
trode. For every grain of hydrogen evolved, 3^.3 grs. of zinc are dissolved ; 
and, on the other band^ the quantity of electricity evolved by the oxydation 
of 32.3 grains of zinc is just' sufficient to decompose 9 ^ains of water, 
which, as we shall bereaAer see, contain, precfsely 1 grain of hydrogen. 
Indeed, he has proved that electro-chemical decomposition is perfectly defi- 
nite; (he fnme absolute quantity of electricity always evolving the ingredi- 
ente of compound bodies in invariable prdpottioAs. Thus, the quantities of 
hydrogen, oxygen, tin, and lead,.sepai:ated 'fiom their. compounds by the 
same quantity of electticity, he found to be id -the ratiq of the numbers 1, 8, 
67.9, and 103.6, which he therefore prepq^s to call the electro-ehemicdl 
equivahnUof theae substances. They are identical, as we shall hereafter 
see, with the atomic weights of these substances. 

282. EUetro-jChemical 7%eory.-^Thia theory, which was first started by 
Dnvy in 1807, supposes that deetrical and- chemical attractions are owing 
to one and thq same agent Substances in their uncombined state, it is 

282. The Magnetic Telegrdph.-'The science of electro-mag- 
netism has recently been applied to an important practical 
purpose, in the construction of magnetic telegraphs, for con- 
veying information from place to place.' The idea of such in- 
struments wa.s first suggested, it is believed, by Professor S. 
F. B. Morse, dTNew York j i)ut they have also been constructied 
in EJurope by Mr. Wheatstdne and others. 

^9' ^^' ' 283^ The magnetic 

telegraph of Professor 
Morse is constructed 
in* the following man- 
ner. Figure 48?* re* 
presents a side view of 
the instrument AB is 
a firm frame of wooci, 
and C a cylinder, whieh 
is made to turn with 
a uniform velocity by 
means of clockwork, 
n(A represented in the 
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figure. ^ M 18 a hozse-shoe magnet, or. rather, it is a piece of soft 4ron beot 
in. the form of a hortfe«hoe, and cOYered with copper iron, which is wound 
many times around it in the manner already explained (267) ; the two 
ends of the wire being seen at W. N.is one end of the armature or 
keeper, which is attached by a screw to the lever D-; and S is a fnna$l 
spring of steel, of just sufficient ^rength to sustain the weight of both 
the lever and armature. At ll the lever is tonnected with the frame of 
the instrument by a hinge, and at P is a steel^point which acts as a pencil 
t^ mark upon the pa'per as it is carried slowly along by the, turning of the 
cylinder C. a ' *" 

The paper is used in' the form of 'a long strip^or ribbon, ^n inch and a 
half wide, made into'a coil^ }and-one end of it pUced over the jolier. 

Let us suppose now thatthe 4:wp ez6&mities,of the iron, which is coiled 
around M, are- connected with the' poles of a galvanic -lottery) igstantly, 
the iron M becomes magnetic, and draws the armature N down to it, 
bringing the point P down upon the paper; and 'if the circuit is broken 
by lifting one of the wires from the pole of the battery, the lever and ar. 
mature will be instantly raised again to ^eir present position. If now 
the cyHnder C is put in motion;- slowly carrying the pap^r along with it, 
w]ien the circuit is closed and instantly broken, the point- P dimply makes 
a dot upon the paper, but if the cifcyift jemainr closed for any length of 
time a line is fbrmied. ' Nbw this takes plaCe ii^tahtly, whaiieyer may be 
the length of the wires, or. in other words, whatever may be the distance 
of the battery from the telegraph f whether it be a few feet or rods, or 
many miles ;-^HonIy for great distances a mori power^l battery is required 
than for small distances. ' 

284. It will be seen by the above, that the on{y characters the telegraph 
ift capable of forming are dots and straight lines, but, by means of these, 
a perfect alphabet can easily be formed. Thus, for ii^stahce, as in Morse's 
alphabet, let a dot an4 -a. -straight line ^. — ) be A } « etraigfai line nxid 
three dots ( — w .) B ; three' dots (. . .) C ; ,a straight line and two dots < — . .) 
D ; a single dot (.) C ; &C., and a v^y simple alphabet is formed, by which 
communications can be made with considerable rapidity. 

Let us now suppose that a communication is to be made between two 
places at a distance from each otHer, as .from Washington to Baltimore. 
The telegraph is in Baltimore^ and the galvanic battery which puts it in 
action is in Washington ; the two wires W'being perfectly insulated, and 
extending quite from one to thq 6ther.^ The operator in Washington ^rst 
gives a signal to the onb in Baltimore, who immediately puts the clock- 
work of the telegraph in motion, by which the pai^r is carried slowly 
forwards. The operator in Washington, then, by closing and breaking* 
the circuit at the battery, in the manner already described^, causes the 
telegraph in Baltimore to write any combination of lines and dots he 
chooses.; which jdll. be perfectly intejligible to the operator there, and to 
finy one who understands the fUphabet Thus a Means of communioaticMi 
is established between the two places, by which inte^igence may be trans- 
mitted almost with the rapidity of thought. 

But as the earth is a good condactor of electricity, it is found that only one wire is 
absolutely needM to extend from one place to the other; instead of the other wire ex- 
tendi ns the whole distance, a short one (Mily is-necfewary, to connect the battery with 
the moist earth beneath *it, and anot|ier,iln like .manner, to reach from the telegrapb 
to the moist earth. 

In order that a reply may be returned from Baltinrore to Washington, in the abov« 
supposed case, it is of course nei^ssary that a telegraph should be located in the same 
manner in Washii|gton,^and connected with a battery in Baltimore. 

The wires, as before intimated, must be perfectly insulated ; which is aceomplished 
by having them covered with cotton thread, and smeared with varnish or pitch; and 

^"-«r inclosed in lead tubes and buried in the ground, or extended in the air upon 

->« of high posts. 
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CHAPTER I. 
GHElilCAL COMBINATIONS: 



SUCTION, I. 

^ FRBI/I^INAlftT RfiMABXS;-^ CHEMICAL IfOHBNCLATURB. 

' 285. BEk^niB proceedingtO'thediflcusnon of the y^rious ele- 
mentary substances and their compounds, to wfiich the second 
part of our work is to be devoted, it is necessary to attend to 
an exj^natidh of the leadingrdoetrines^of the scieiice. This 
will be done under the genersd head of Chemical Combinations. 
s 286. .In addition to the chemical history of each substance, 
some of its chief :physical eharacters ^^1 also be '^ven. A 
knowlec^e of these properties is' absolutely essential to the 
chemist for various impOrtimt puiposes. 

287. The character called specific graviHy^kn piurticular, is of 
so much importance, thai the mode of det^minihg it will be 
given in this place. • 

By the specific gravity of a 'body is^ meant its weight as 
compared with some other body assumed as a standard. For 
solids and liquids, water is uniformly taken for this standard ; 
and its specific gravity beii^ considered as unity, the. specific 
gravity of any other body is found by dividing ita weight by 
the weight of an equ^l volume of water. If, fop* example, a 
portion of water weigh 9 grains^ and the same bulk or volume 
of another boMdy 19 grains, dividing 19 by 9 gives as the quo- 
tient 2.111, which is the specific gravity of the body. The only 
difficulty, there, is in the practical application of the principle is, 
to obtain the weights of precisely equal volumes of water and 
thesubstuice to be examined. In Mquids.this object is accom- 
jrfished by filling a small vial of known weight with pure/^ater, 
and weighing it, and. then doing the same with the liquid in 
question. Tne weight of the latter divided by that of the for- 
mer will, of course, be the specific gravity. Bottles are pre- 
pared for this purpose by the philosophical instrument-makers^ 
capable of holding precisely 1000 grains of pure water; and of 
course the numl^r of grains of -any other liquid one of them 

10* (113) 
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will contain^ pointing off three figures to the rightfor decimals, 
will be its specific ^gravity, 

288. An instruxn^t caHed a hydrometer has been invented 
for determining the spepific gravity of liquids*, in a very simple 
. manner. It consists merely of a glass tube wiCh a bulb blown 
in it for an air-vessfeV and another at one extremity to contain 
a little mercury to load it and make it stand upright in the 
liquid. The weight of the Jnstrument is ^therefore constant, 
and the specific gravity of a-liqiiid in which it is immersed 
is showUr Inr the depth' to which it- sinks, the. weight of the 
quantity, of ffuid displaced, of coiirse, always just equalling 
the weight of the instrument. The lighter the liquid is, there- 
fore, th« deeper will -the hydrometer sink, .and the -reverse. 
In some liquids, 'as alcohol and the ethers, the strength is 
greater as they become lighter ; but in otheirs, as vegetable in- 
fusions or solutions ofthe fixed alkalies, and salts, the strength 
increases with the specU^c gravity. , , 

2889: The method of obtsrfnfng the necessary data in. case of 
a solid is somewhat differjht. The "bO'dyls first w^hed in air, 
is next suspended in water by means of a- hair attached to tiie 
scale ofthe b^aiice, aiid is then weighed again,. The difference, 
between the two weights gives tlje weight of a -quantity of 
Water equal to. the bulft of the soHd, This rale is founded on 
the hydrostatic law, that a solid body, immersed in any liquid, 
not only weighs less than it does >in air,^ but the difference' 
corresponds exactly to the weight of liquid which it displaces; 
and it is obvious thattljfe.liqtfld Sft displacfed'is exactly of the 
same dim'epsions as the solid, r' ' 

290. Nicholson's Areometer; or ^ravimeter, as it has been 
called by some, fiirnishes an expeditious means forjdetermining 
the specific gravity of Solldi^ ^th considerable accuracy. It is 
particularly useful for determining ttie specific gravity of small 
substances, as specimens of minerals, iii a simple manner. It 
is composed si^i^ly of a cylindrical air-vessel, termmating in a 
cone at each -extremity,- and loaded with a weight at one end 
to make it stand upught when immersed in water, and^ whieh 
at the same time serves' as ^ table or scale, on which atiy small 
substance may be placed and weiffhed under water, while from 
the other extremity a "Wire^projecra to the- height of an inch or 
more to receive another sode. To make use of this instru- 
ment, basving placed it in water, as represented in j^gure 49, first 
place weights upon the upper scale and ascertain the weight 
hat is required to sink it to the mark upon the stem, then re- 
moving the weights, place upon the same scale the substance 
to be weighed — a piece of c6in,^rinstance, — and add as niiuch 
Weight as will sink it* tO; the mark on the stefn as before ; the 
difference will of course be the weight of the coin. The coin 
is then to be transferred tp the lower scale, and as much weight 
added as will again bring the mark oh the stem to the surface 
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««. 49. of the water/ This weight is obviously the Joss of 

' weight of the coin ia consequence of being immersed 

in water, or the weight of a bulk <rf water equal to 

the bulk of the coin. This divided into the weight 

of the own wiU-giv^ its s'pecifiQ gravity. 

There will be no difficulty in finding the specific 
gt^ity of bodies lighter ^ban water, sis a piece of 
cork, if it is femeinbered that the weight s>f a bulk 
of water .^ual toil, wiH be equa^to the weight of^he 
cork added to the- weight required tacause itto sink 
in water.. ..;,•- 

Thfi.wateirusjed is always.supposed to be perfectly 
pure/ and at the temperature of 60^. In France, wa- 
ter at its greatest' density is taken as^li0 standard, 
that is, at th^ temperature of between. 39 and 40^* 

291.^ The determination of. the specific giravity of 
gaseous substance^ is an operation of much greater 
deliecKjy. From the extl-erae lightness of '^s^s, it 
would be inconveiiiient to compare Ihein with an equal bulk of 
water, and, therefore, atmospheric air is taj^^p. as the standard 
6f comparison. ^.Jbe first V^ep pf theprpoess ista ascertain the 
weight dr a.eiveh volume of air. This is done by weighing a 
very light glass fiask, furnislied with jbl good stopcock, while 
full of air; and then Weighing it a second time, after the air has 
been withdrawn ■ by means of an air^pum pJ The difference be- 
tween the two weights gives the information^required. Ac- 
cording to the obs^f vatloiTs 6f Tirouf, 100 cubic Inches of pure 
and. dry atmospheric .'air, at the temperature of 60^, and when 
the barometer stands at 30 inches, w^igh 31.01 grains. By- a 
similar method the weight of any other gas inayj}e d^termiried, 
and its specific gravity boJnferred accordingly. For instance, 
suppose 100 cubic inches of oxygeri gas are found to weigh 
B4.19 grains, its specific gravity win be thus deduced ; as 31.01 : 
34.19; : 1 (the sp. gr. of air): 4.10, the specific gravit)? of oxygen. 

293.. In taking the specific gravity of ga8<5s, to in8ur&4iny de^ee^f accu- 
racj, 8e^«raieiro<ijn6tMioe»yeq«ttre pcbrtieuhtr atten^on. The gas mast not 
enly- be peirfectly p^re and' dry,' but the tenlperature -and pressure must be 
invariaUe and at a proper s^dard. In gfenerai, the temperature is sup- 
posed to be at 60° and thd barometer at Scinches; and if, at the time of 
making the experiment, either IB dtfibrentrthe proper "Correciion is td be 
made. ' , . . -^ '. , ' 

In- describing the gases, the weight of 100 cubic inches Js 
usually mentioned in. connection with the specific gravity. 

293. ChemcalNomenckCture, — Chemistry is indebted for its 
nomenclature to the labors of four celc^ated chemists, Lavoi- 
sier, BerthoUet, Guyton-Morveau, and Pourcroy.; The prin- 
ciples which guided them in its construction are exceedingly 
simple and injtenlpiis. The known elementary substances, and 
tlie more ^miliar corapotmd ones, were* affowBd to retain the 
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appellafion which general tisage had astsighed to themi ' The 
newly-discovered elanents were n&med From -some "striking 
property. Thus oxygen, (p: name applied to on'e of the ele- 
ments of water) from xtlvit acid, and ytviwyto generate, was so 
called from the belief that it is the universal cause' of acidity ; 
and the term hj^ogen, from v&op,- water, ^nd. vsww, was ap- 
plied to the t)ther element of water. So also .chlorine, in con- 
sequence of its greenish color, receives its name from ;t'^'»po(> 
green ;, while bromine is" indebted for its name to its disagree- 
able odor. - ^ 

294. Compounds, of which oxygen forms a part, are called 
adds* or oxtdie», according as- they do or do jiot possess acidity. 
An oxide of iron or copper signifies a combination of those 
metals with oxygen, which^has no acid properties.* The name 
of an acid is derived from the substance acidified by the. o^- 
gen, to which is added the termination ic. Thus, sulphuric 
and carbonte acids signify acid Compounds of sulphur and car- 
bon witjii oxygen. !f sulphur or any other body should form 
two acids, that which contains the least quantity 'of oxygen is 
made to terminate, in ott^, as sulphnfot^ acid. 

Here it will be noticed that provision is made in the nomen- 
clature for only two slcids formed from the same substance by 
the union of oxygen ; but when three br more occur, the pre- 
fix hypo is generSly used to indicate, the relative proportion 
of oxygen. Thus Aj/fposulphtirous' acid* contains less oxygen 
than the sulphurous, and hyposiulph uric less than the sulphuric, 
but more than the sulphurous. ^ The syllables |)er and ary.are, 
also often used ; thuspef* pr'oor^-chloric acid is an acid con- 
taining more oxygen than the chloric. . 

295. But it is well Jcnown therie are other acids which contain 
no oxygen ; 'these Usually receive for names terms compounded 
of the names or parts of the names of the substances entering 
into their composition. Thus hydto-chlaric acid is composed 
of hydrogen and chlorine, chlbru^dic, of chlorine and iodine, ^c. 

296. This system, however, does not a^plytothe acids of 
organic su^bstances, which sometimes .are derived from the 
names of the* substances,, that yield them, and sometimes are 
suggested by mere accident. I^urther remarks on the subject 
wiU be found in Organic Chemistry. . * 

297. The termination uret is used to denote combinations of 
the. simple non-m,etayic' substances either with one another, 
with a metal, or with a metallic oxide. Su\phuref an'd carburet 
of iron, for exainple, signify" compounds of sulphur and carbon 
with iron. The different oxides or sulphurets of the same 

* It is geMT9\\y contudered cbaractensdp of an acid to- change the vegeta- 
ble blue to red, but there are many exceptions.. An alkali wui restore the 
original blue,' or sometimes change it to.gr«en. The yellow color of turmeric 
•J clianged to brown by an alkali. 
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siil}staiice. were forsKerly distinguished from oz^eanOliierto some 
epithet, commonly deriired from the color of tlie coixH)Ound, such 
as the black and red oxides of iron, the black and red sulphurets 
ef mercury }• though this{)ractice is still centintted occasionally, 
it is now more customsiry to distinguish degrees of oxydation 
by the use of derivatives firom the Greek or Latin. Protoxide 
signifies the first degree x)f oxydation, dinoxide the second, anyd 
Peroxide the third ; and the term peroxide is often applied to 
the highest degree of.oxyd^ion. The Latin word seaquiy' one 
and a half, i& used as an a^x whei) the elements- of an oxide 
arenas 1 to li, or as 3 to 3. .Th^ sulphurets, cak-burets^ &c* of 
the same substance are designated in a similar manner. - 

2^8. The terjn ur^ id, however, less u^ed' now than formerly, 

' there being no reason why we should adopt this in a few cases 

only, and still make nise of idem analogous Distances. Protb- 

sulphuret and bisiilphiii^t of iron,therero're,.are terms perfectly 

synonymous with. protosulp1:udQ and' bisulphide of iron.' 

299. The general term 4^a^ is applied to the compounds of 
the acids with ammonia^ and- the alkaline bases and other me- 
tallic oxides; and their najues.di'e $D'cpnt«lved»as to indicate 
the substances contained, in them, iftkk acid contain a maxi- 
mum of oxfygen, the name of the salt terminates in ate; if a 
minimum, the termination t^eris employed* Thus,, the sulphate, 
phospho^'a, and arsenia^e of potassa, are salts of sulphuric, phos- 

' phoric, and arsenic, acids : while the terms, sulpht/e, phosphite^ 
and ar^enife of potassa, denote combinations of that alkali with 
the sulphurotM, phosphorot^, eind arseniot^ acids. 

300. But each of these -acid* may unite with the. protoxide, 
binoxide, or peroxide^f the same substaoce, and to distinguish 
the salts .thus formed it is usual to prefix the numeral to the 
name of the salt in the same manner as to the oxide. Thus we 
have protosulphate and persulphate of mercury to designate 
the sulphates ofthe protoxide, and per or binexide of mercury. 
We cannot, however, Say bistiiphate of irierculry, to designate 
the sulphate of th^ bfnoxide, as this term has another applica- 
tion, as will shortJy appear;' and itjs therefore, thought better 
Dy many, to avoid' mistake, always to Say sulphate ofthe proto, 
bi, or peroxide. • -. .: ^ 

801. 7he different salts formed of th» same constituents were 
formerly divided into neutrdlt super, arid sxUhaalts. They were 
caUed neutral- tf.the acid, end -alkaii- were 4n such proportion 
that one neutralized the other; stiper-salts, if the acid pre* 
vailed, 'and sub-salts, if alkali was hi ^excess. The oame is now 
regulated by the atomic constitution of the salt. To a salt 
formed .of a single equivalent -of acid and alkali, the generic 
name of the salt iisremployied without any. other addition; but 
if two or more equivalents -of the acid are attached to one^of 
the base, or two or more equivalents of the base to one of the 
acid, a numeral is prefixed so lus'to indicate its composition* 
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The two salts of sulphurio actd andpqtasaa are called sulphate 
and Mffulphate ; the first containifig ehe equivalent of the acid 
and one of the alkalt and the^seeond salt^-two e(^tdvalents of 
the fornier substsmce to one equivalent dnl^ of the latter. The 
three stilts of oxalic acid and potassa are termed the oxalate, 
Znnoxalate, and ouadroxalate of potassa: because one equiva- 
lent of the alkali is united with one equivalent of acid in the 
firsts with two in the second, and with four in the third sal(;. 

302. The numeralii which de&ote the equivalents of add in a 
super-salt are derived (torn the Latin, as bi\ ter^ quadro, while 
those used to indicate the same wHh regard to the equivalents 
of baser in a sub-salt, ai'e derived from the Greek; as. cK^, trist 
tetrakis. Thus bichromate of potassa contains ^ equivalents 
of acid and 1 eq. of potassa; but the dichromate of oxide of 
lead contains 1 eq. of acid. and 2 eq. of oxide of lead This 
principle has been condderably^extended ; and it is now com- 
mon to distin^ish two or ttibre ^equivalents of the negative 
element by Latin numerals, and apply the Greek numerals to 
designate the ^uivalenfs' of the positive element. Thus a 
bichloride is a compound of 2 equivalents of the electro-nega- 
tive element chlorine, with 1 eq. of some electro-positive sub- 
stance; but -a dichloride contains 1 eq. of ehlorine in cbmbina- 
tion with 2 eq. of the positive element 

The super-salts having an excess of acid are also called acid * 
salts; and Tor a similar Teason the isub are often called basic- 
salts. Monobasic, j^ibasic,- and. tribadic salts are such as con- 
tain 1, 2, and 3 eq^ of base to 1 eq. of acid. . - - 

303. The generic part of the name.jpf a compound is also 
usually formed froin that ingredient which Is most highly electro- 
negative. Thus, to compounds of oxygen and chlorme, chlo- 
rine and iodine, iodine and sulphur, sulphur and potassium, in 
which 'the first of each pair is the electro-negative element, we 
say oxides of chlorine, chloride of iodine, iomde of sulphur, sul- 
phuret of potassium; an^ not chloride of oxygen, iodide of 
chlorine, &c. 

The term Salt has within a few years. received a much more 
extended signification than is given above (^) { but the f^irther 
discussion of the subject is reserved for the Cha^f upon Salts. 
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'" APPINITY. 

304. All chemical phenomena 'are owing to Affinity or 
Chemical Attraction. It is the basis on which the sdenoe of 
cliemistry is founded; . It is, as it were, the instrument which 
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the chenust emrjploy^ in all his operations, and henee it forms 
the .first and leadiBg ot^ect bf his;stQdy< 

sod. AfEioity is exelrted between the minutest particles of dif- 
ferent kinds orm^ter, causing them to combine 6o as to form 
ne w- bodies' eiido wed wilsh new properties. It acts only at in- 
sensible distance^; in. other words, apparent contact^ or the 
closest proximity, is necessary to its action. Every thing 
which prevents such coptiguity is an obstacle to combinaition ; 
and any force whi^h ii^creases the distance between particles 
already combined^ tends to separate them i>ermanently from 
e^ch other. In the former case, they do nqt come \yithin the 
sphere of their mutual attraction ; m the latter, they are removed 
out of it.^ It follows, thereforei that, though aifin^ty is regarded 
as a specific pow^, distinct, from tiie other forces which act on 
matter, its action mny be promoted, modified, or counteracted 
by ^em; and, consecjaently, in studying the phenomena prt>-, 
duced by af&nity, itis necessai^y to inquire into the conditions 
that influence its operation. 

^306. Th^e most simple instance of the exercise of chemical 
attraction is afforded by the admixture of "two substances. 
Water and sulphuric €tcid, or water and alcohol, combine 
readily. On the contrary, > water shows little disposition to 
unite with sulphuric ether, and still less with oil; for,, howeve*; 
intimately, their particles, m^y be mixed together, they areiio 
sooner .left at rest than the ether ^parates almpst entirely from 
the watei:, and a total .^separation takes place between that fluid 
and the oil. Sugar dissolves very.' sparingly in alcohol, but to 
any extent- in water; while camphor is ^dissolved in a very - 
small de^ee by ivater^^and abundantly by alcohol. It appears, 
firom these examples, that /Chemical attraction i^ exerted between 
diflferent bodies with different degrees of force. There is some- 
times no proof of its existence at ajl*;. between some substances 
it acts- very feebly, and between others with great energy. 

3G7. Single Electwe Affinity. — Simple combination of two sub- 
stances is a common occurrence; of which the solution efsalts 
in water, the combustion of phosphorus ih oxygen, gas, and 
the neutriQization of al-piire alljiali by an acid, are instances. 
But the phenomena are often more cpihplex, The formation 
of a new compound is'of);ep attended by. the destruction of a 
pre-existing one; as when some third body acts oti a com- 
pound, for. one element of which it has a 'greater affinity than 
they have for one another. Thus, oil has an affinity for the 
volatile alkali, ammonia; and will-unite wJth it, forming a soapy 
substance called a Iliiiment. ' But the ammonia^ has a still 
greater attraction fot sUlphuiPic acid, and hence, if this acid be 
added to the liniment, the alkali will quit the oil, and unite by 
preference with tijie acid. If a solution of* camphor in alcohol 
be poured into water, the camphor, 'Will be set free, because the 
alcohol combines with the water. Sulphuric acid, in like mai)- 
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n«r, separates barjFta from nitric acid; Combinatioii andvde- 
composition occur in each of these cases;-^-combination of sul- 
phuric acid with ammonia, of water with alcohol, and of bai'yta 
with sulphuric acid ;-^decomposition of the compounds formed 
of oil and ammonia, of alcohol and camphor, and of nitric acid 
and baryta. These are examples of single elective affinity ; so 
called because a substa.nqe manifests, as it were, a choice tor 
one of two others, uniting with ft by prefererice^-and to the ex- 
clusion of the' other. Many of the decompositions that occulr 
in chemistry are instances of single elective affinity. 

308. It was atone iim& supposed' Uiat these decJbmpoiisitions always take 
phice in tBe same or^er, independently of circumstances ; and tables of de- 
covQposttiori we/e drawn dp,' of whidi the following are examines :-^- 



Sulphuric acid. 
Nitric acid, 
Hydrochloric acid, 
4^cetio acid,. 
Carbonic acid, 



Baryta,^ ... 

Strontia, 

Potaasa, 

^oda, 

Lime, - * 

Ammonia, '• ■ ,' 

Mfigfnesia. ' 

The firstiableivas designed to indicate, the relative strength of the affinity 
of soda for the 'several acids placed below it;, thus the affinity of soda fiir 
sulphuric acid is greater. than for nitric or-liny of the other acids below it, 
while the affihltyef soda for nitric acid is greater than ^r the hydrochloric, 
&€. As a necessary consequence of thisr'eacb of- .the aoids mentioned,' it 

- was supposed, would .separate, soda fro|n its combinatioB with either of the 
acids bdow it^ and jl)e itself separated from this soliitron by thoed above it. 

By the second table the relative affiniUes of svlphurieapid for the several 
bases mentioned ,below it were indicated, and the older ia ^Jiieh its com- 
pounds with, these bases would he decomposed. , 

Nor were these tables founded upon hypothesis alone ; they exhibited 
the results of dUme|i;eup mo^ accurate experimeats, and their truth was 
suppose^ to be demonstrotBd. '^' . '. 

309. Such tables, however, cannot -be relied upon, as the'chemieal action 
of two or. more substances- does not arise simply from their chemical affimi. 
ties, but results from thd combined influences of heat, electricity, cohesion, 

- and other agencies, which often modify the results to a remarkable extent. 
By a change of temperature an affinity originally Weak, may become very 
strong, ana even preponderate over others .previously much stronger than 
itself; and in certain electrical conditions (230), powerful affinities may be 
entirely overcome; Chemical action, thereferei is to be regarded, not as the 
simple consequence of affinity alone, but as the result of a nufanoeF of forces 
acting in different direction8,.and v^itli variable intensities, of which affinity 
is but one, although' perhaps, for our purpged, it hiay be more. important 
than any other. , • ... 

310. We may indeed fmd in the variahleness of intensity with which 
affinity is exerted, a striking^ instance of tireative Wisdoiq.; for on H de- 
pends the infinite' Variety both of organic and inorganic beings, which peo- 
ple and beautify the earth.' Had those bodies which have the strongest 
affinity for eath other, in all cases been able to combine, independent' of 
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«y^r influences ; then it would fieem there could have -been ho means of 
ioMBoUilig their connection wheti . once formed ; and immediatiBly on the 
btiein of the globe; .those bodies which have the strongest affinities would 
have united nev&c again to be separated ; and the others subsequently com- 
bining in the cffder of- their «ttr'actions,4he yarious substances of natuiw 
would long since have been arranged in a few unchangeable chemical 
combinations. The diversified changes of animal and vegetable life woqld 
be impossible, and ihe snrfsice of -ihe earth inust for ever renudn desolate, 
and barren. * - . 

311. D&Me 0ective AfftrdtyJ^--A&Aty is the catise of still 
more complicated changes than those which have been just 
considered. In a cade of single elective ^^nity, three sub- 
stances only are present, euid two afElnities are in play. But it 
frequentljc happens ^hat two compounds aire mixed together, 
and four different affinities brought into action. The changes 
that may or do occur under these circumstances may b^ studied 
by aid of a diagram. ThuX in mixing together a solution of 
carbonate of .ammonia and hydrophlorate of lime, their mutual 
action may be represented in the following manner: ' " 



Carbonic acid Ammonia 



• « 



Hydrochloric acid lime. 



Each of the acids has aEn attraction fpr both bases, and 
hence it is possible' either that the two sisdts should continue as 
they were, or that aix interchange of )3rinciples should ensue, 
gii^iig rise, to rtwo new compounds^ carbons^ of lime and 
hydrochlorate of ammonia. ■ ., ^^ 

312. The affinities which tend to preserve the original com-' 
pounds -have been called the quiescent; sind those which tend to 
cause an exchange of pHneiplcs, the di^ellent affinities. If ihe 
sum of the fprmer is greatest^ that is, in the present instance, if 
the affinity of carbonic acid for ammonia, and hydrochloric acid 
for Kme,'exceed that of carbonic acidibr lime, added to that of 
hydrochloric acid for. ammonia, tjien will the two. salts experi- 
ence no change whatever ;1>ut if the diVellent affinities prepon- 
derate, .thenv.as does ^actually ^happen, both the original salts 
will be .decomt)osed and two new ones generated. " Two die- 
compositions andtwp combinations take place, being an instance 
of wlrnt is called (fot^^fee/ec^treo/^mVy. .-/ 

But the effect cannot always here^ more than in cases of 
single elective affinity, l>e ascribed to the sole influence of 
affinity ; circumstances oft^ change entirely the character of 
tfie results. ' ' " ' 

11 
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CIRCUMSTANCES THAT MODIFY AND INFLUENCiS THE OPERATION QF 

APPlNITy.. - 

313. Of the conditions which are capable of promoting or 
counteracting the tendency of chemicial attraction, the following ' 
are the most important;— :Cohesion, elasticity, quantity oT mat- 
ter, and contact with other bodies, Ta these may be added 
tbe'agency of heat, electricity, and light. The inflaehce of the 
last two agents has already been discussed in the proper places 
(154, 167, 230); that oflieat will be considered under the heads 
of cohesion and elasticity. - 

314. Colienon: — The first obvious effect of cohesion is to 
oppose affinity, by impeding or preventing that mtitual pene< 
tration and close proximity of the particles of diffecent bodies, 
which are' essential to th^ successful exercise of thdr attraction. 
For this reasdn, bodies seldom act chemically iq their solid 
state; their molecules do not come within the sphere of attrac- 
tion, and, therefore, combination cannot take place, ftlthou^h 
their affinity may in fact be considerable. Liquidity, on the 
contrary, favors chemical action ; it permits the closest possible 
approximation, while the cohesive powef is comparatively sa 
trifling as to opppse no appreciable barrier to affinity. 

In a few -Instances x:hemical action takes- place between 
solids, as between pho;3phorus and sulphur or phosphopis and 
iodine.' - ' . /• 

Cohesion may be diminished in two ways, by mechanical 
division, or. by the a])p]icatioh of heat. The former is useful 
by increasihg the ^extent of sdrfSice ; but It is not of itself in 
general sufficient, because the particles, however minute, still 
retain that degree of cohesion which constitutes solidity* Heat 
act9 with greater effect, asrd never fails ih promoting combina- 
tion, whenever the cohesive power is a hairier to it. Its 
intensity should always be so regulated as to'prodjice liquefec- 
tion. The fluidity of ojtre of .ttie s,ttbstances frequently suffices 
for effecting phei)MC{J union, as is proved by the fedlity with 
which water dissolves many salts and-other solid bodies; But 
the cohesive force is < still in operation; for a solid Is commonly 
dissolved in gr-eater quantity when its cohesion is diminished 
by heat 

315. Cohesion sometimes even detern^es the results of 
chemical action, probably in opposition to affinity. Thus, on 
mixijig together a solution of two acids and one alkali, of which 
two salts may be formed^ one solubley and the other insoluble, 
the alkali will always unite with that acid, with which it forms 
the. insoluble^ compound, to the total exclusion of the other. 
When, for example, hydrochloric acid, sulphuric acid, and 
baryta, are mixed together, sulphate of baryta is^ formed in con- 
sequence of its insolubility. Lime, whkh yields an insoluble 
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salt with .carbonic acid,.i&eparates that acid from ammonia, 
potassa, and soda, with all of which^ it makes soluble com- 
pounds, -" 
' Acetic acid doubtless has a stronger affinity for potassa than 
carbonic acid has, for when poured into st solutic^n of carbonate 
of potassa in water, t^e catbohic' acid is escpelled with efifer- 
vescenqe ; but if a stream cff carbonic acid is passed into a solu- 
tion of acetate i^f potassa in alpohoH the salt is decomposed, the 
acetic acid set freei land carbonate of potassa formed. The 
-catise of this is the insolubilfty t>f 'carlK)nate of' potassa in 
alcohol. ^ - 

316. Elastidty.^'From the obstacle which cohesion puts in 
the way of affinity, the gaseous stUte, in which the cohesive 
power is' wholly, wanting, might be expected to be peculiarly 
fevorable to -dhemical action. The reverse, however, is the 
(act. Bodies evince* little disposition ~to unite when presented 
to each, other in the' elastic form. Combination do^* indeed, 
sometimes iake placef, in consequenpe of a very energetic at- 
traction; hut examples of ^li opposite kind are much more 
common, v Oxygen and hydrogen gases, and chlorine and 
hydrogen, though their -nuitual affinity ts very powerful, may 
be preserved together, for any length of time without com- 
bining. This. want of action seems to^arise fropl the distance 
betweien the particles, preventing that close' approach which 
is so necessary to the successful exercise: of affinity. Hence 
many gaseis cannot be made to unite directly, which, neverthe- 
less, combine readily while in their 9ia^en^j3t£ite> that is, while 
in the act of assuming the gaseous forni by the decomposition 
of«ome of their solid or fluid combinations. ' 

317. M^ny familiar phepdmona of decomposition are owingr to elasticity. 
All compoqtids that contain a yolatile and a fixed principle, are JiaUe to be 
decompoaed by a* high temperature. . The expansion 0(;caBioned by heat 
removes the eldments ef the compoiibd to a greater distance from ei^eh other^ 
and thus, by diraiiiiBbing the force of ^^mieal attraction, fticors the tend- 
ency of the volatile principle to assume the form wbieh is natural to it. 
The evaporation of water from a solution of salt js an instance of this kind. 

Many solid substances, which epptain water in & state of intimate com- 
bination, part with it in a strong heat, in consequence of the vo]«,ti]e nature 
of that liquid. ' The Reparation olT oxygen from some metals, by heat alone, 
is explicable xm the same prinpiple^ 

318. The influence of heat upon chemical- action is therefore 
variable, sometimes tending to promote it, and at others pre- 
venting it altogether. Whenever cohesion interposes an obsta- 
cle to the action of affinity, heat facilitates it. by diminishing the 
cohesive, attraction, if a solid, or even converting it into a 
liquid.. On the contrary, when a substance is converted by it 
into a gas, chemical combination is prevented in consequence 
of the great dii&tance to which .the particles are separated from 
each other. . 
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-319. fkme instances of decomposition may even be ascribed to ela«ticitjr. 
If three substances are,niixed tofretber, two of w^ich are capalde of forming 
a compound which is less -vdlAtile than the third body, the last will, in 
general, be completely driven off by the application of heat The decern- 
position of the salts of ammoma by the pare alkalies or alkaline earths, may 
be Jidduced as an example ; and n»r the same reason, all the carbonates aro 
decomposcid by hydrochloric acid, and all .the hydiodhlerates by sulphnric. 
acid. This explanation applies equally well to sonl& cases of double deoom- 
Txieitioii; It exfdains, for instance, jprh^ the dry .carbonate of lime will 
decompose hydfochlorate of ammonta by the aid of &eat ; for carbonate of 
ammonia is more volatile than the . hydrochlorate either of ammcmia at 

lime. ' ' ' ■" ^ 

So if sulpjiate of aiAmonia and hydrocblorate'of soda are mixed, and heat 
applied, hydrochlorate of ammonia sublimes, and sulphate of "soda remains 
fasdl Beracio acid' may readily be entirely separated from its combina^ 
tion with soda by sulphurio acid ; but if this acid is heated to redness with 
sulphate ofsoda, the sulphuric 'acid will b0 expelled in consequence of its 
volatility ai hi^ temperatures, and the boracic acid wiU remain in cooi- 
binatioii with Sm soda^ . ' 

320. Q^antity of Matter^ — The influence of quantity of mattei 
over affinity is -universally admitted. If one bodj^A unites 
with another body B in severail p^opjortions, that compound 
will be most difficult of decompositjyon which contains the 
smallest quantity of B.. Of the three oxides of lead; for instance, 
the peroxide parts most ieasily with its^ oxygen try the action 
of heat ; a iiigher temperature is requixed.'to -decompose the red 
oxide ; and th^ protoxide will bear the. strongest hejat o^ our 
furnaces without loslog. a particle of its oxygen. 

The influence of quantity over chemical attraction may be 
farther illustrated by the- phenomena of solution. When equal 
weights of a soluble salt are added in succession to a given 
quantity of water, which is capable/of dissolving .alnK)st the 
whole of the salt employed, the first portion, of the salt will 
disappear more readily than the second, the second than the 
third, the third than the fourth, and soon. The affinity of the 
water for the .saline substance diminishes with .each addition', 
till at last it is weakened to sucb^ a degree as to be unable to 
overcome the-cohesion of the salt. The process then ceases, 
and a saturated solution is- obtained. 

Quantity of matter is employed aidyautageously in -many chemical opera, 
tious. If, for instance^ a chemist isd^sironsofseparatingf an acid from a 
metallic oxide by means of the superior affinity' of potassa for the former, 
he fi^qiiently uses rathef inore of the alkali than Is sufficient fbr neutral. 
i2in^ the abid« He takes the -precaution of eniplbying an excess of alkali, 
in order the more effectually to bring' every particle of the stbstahee fo be 
decomposed in -contact with the decomposing agent . > 

'931. CantaetwUh other hodiu, — The simple contact of other bodies in 
some instances essentially affects the action of affinity. Thus, if a coil of 
platinum wire be heated to redness . and suspended in a glass vessel, the 
inside of which has previously been moistened with strong alcohol or etfaer» 
a slow cbmbustion of the vapor immediately takes place, and the tempera^ 
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ture of ike, wire is kept up. So also a inixtiire of oxjui^eii lind hydrogen 
gases is made to explode by a small ball of tipon^ platinam, or in somo 
cases by very cl^an platlDum foil, though of themselyes, when brought to.' 
gether, they show no tendency to combine. The platinum .has the.effedt 
to condense a portion of these .gase» upon its surface, by which heat is pro- 
duced ; -and a union take» place at first slowly between «mall portions only 
of the mixtdre, but as .soon as the temperature is sufficiently raisedjextends 
instantaneously through the 'whole that remains, with an explosion. When 
platinum sponge is u^ the action is much facilitated hy.the greet amount 
of surface which acta upon the gases within a v»iy: limited spacer 

<322. Instances of chemical action* like the Above, cannot of course be 
attributed to the action of mere affinity, and it hae beien supposed another 
force must come into operation called 2^ eataiytit forces and the term coto-. 
iy«M has been used to designate the clafls of qiperations. 

The sudden decomposition of explosive bodies bT a blow* or by elevation 
of temperature, are a|so instances of catalysis. Platinum, which by itself 
is totally unacted upon by nitric acid, is readily- dissolved by a connection 
with silver in the form ,of alloy y and copper, though unafi^tea by sulphuric 
acid when pufe^ is easily soluble by it when.aHoyed'with 'zinc and' nickel, 
in the compound called German^ silver. But the most important instances 
of catalysis are to be found in the chemistry of organic matter, which it 
would bejiremature here to anticipate/ 

3^3. NManical aetitm^ also Ipay be mentioned as frequently modifying 
the action of affinity. . Thus its eommeneement, a»ii| the case of fulmi- 
nating mercury or a mixture of chloriiteof potasda and sugar, ia deter,mined 
by a blow \ and two elastic fluids ma^ eometimes be mt^e to combine by 
sodden compression. Water undcir BigU pressure will combh^e with much 
more carbonic acid tiian when the ^pressure is .less. Carbonate of lime is 
decomposed at a hig|i temperature in the open air, but under strong pres. 
sure it may be rnelted witliQut producing this effect. , 

CHANGED THAT ACCOMPANY CHEMICAL ACTION. 

324: . The leading circumstance that characterizes chefnical 
action is the loss of properties experiericied by the combining 
substances, and the acqufsition of n^w ones by the product of 
their combination. The change of property is sometimes in* 
considerable. In a solution of sugar or salt in water, and in 
mixtures .of water with alcohol or sulphuric acid, the compound 
retains so much of th^ character of its constituents tbat there 
is no difficulty in recOjgmjciag.thelr/presence. But more gene- 
rally the properties ofone or both of the combining bodies dis- 
appear entirely. One wbiild not suppose from its appearance 
that water is a compound body; ipuQn less that it is composed 
of two gases, oxygen. anid hydrogen, neither of which when 
uncombined, has ever been compressed into "a liquid."* Hydro- 
gen is one of the most inflammable subsf ances in nature, and 
yet water cannot be set on- fire; oxygen, on tlie contrary, 
enables bQdies lo burn with gre&t brilliancy, and yet water 
extinguishes combustion. Th^ alkalies and earths were re- 
garded as simple till Davy proved them ,to be compound, and 
certainly they evince no sign' whatever of containing oxygen 
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and metal. ' Numerous examples of a similar kind are afibrd^a 
by the mutual action 'of. acids and aljkalies. Sulphuric acid 
and potassa, for example, are highfy caustic. The former is 
intensely spur, reddens the blue color of vegetables, and has a 
strong affihity for alicaline substances ; the latterlias a pungent 
taste, converts- the blue color of vegetEible^ to ^ree% and com- 
bines readily with acids. On adding these principles^cautiously 
to each other, a compound, results called a neutral «a^, which 
does'not^.in any way aif(^t the coloring matter of plants, and 
in which the other distingmsh^glfeatures of the acid and alkali 
can no longer be jHBroeived. They appear to have djestroyed 
tlie- properties of each other, tuad are henfee said to neutralize 
one another. . ' - • . 

325. The changes that accompany the detion of affinity are 
many and imppr^nt; nor is it possible to determine any of the 
properties a compound ^ill possess merely by knowing the 
nature of the ingredients that ehter i^to its composition. 

1. It Is- observed that.iwo bodies, rarely occupy^ after com- 
bination, the same sp£tce Which they- possessed separately. . In 
general their bulk is diminished^ so that the specific gravity 
of the n^w body i§ greater than4hd mean of, its components. 
Thus^a mixture of 100 measures olf" water and an equ^ quantity 
of sulphwlc add does not occupy the space of 200 measures, 
but considerably less. A similar ^contraction frequency attends 
the combination of solids. Gases often experience a remarka- 
ble condensation when they unite.' The elements of olefiknt 
gas, for instance, wo:uld fixpand.to four times the brjk of that 
compound, if they were suddenly to become free, and iassume 
the gaseous form. But the rule is not without exception. 
The reverse happens in some metallic compounds; and there 
are examples of combination between gases Without any change 
of bulk. * . • 

2. A change of temperature generally accoflapanies chemical 
action. Heat is evolved, either when there is a diminution in 
the bulk of the combining subsfances without change of form, 
or when a gas" is condensed into a liquid, or a liquid becomes 
solid. The heat caused by mixing sulphuric acid with water 
is an instance of the former ; knd the common process of 
slaking liniie, during which water loses its liquid form in com- 
bining with that earth, is an example of the latter.^ The pro- 
duction of cold seldom or never takes place during' combina- 
tion, except .when heat is rendered insensible by the conversion 
of a solid intp a li<)ui([, or a liquid into a gas. All the frigorific 
mixtures act in this way. - I 

3. The changes of form that attend chemical action are ex- 
ceedingly various. The combination of gases may give rise 
to a liquid, as in the union of olefiant gas and chlorine to form 
chloric ether, or of oxygpn and hydrogen to form water ; or to 
a solid, as in the union of carbonic acid gas and ammonia to 
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form solid carbonate of ammonia, or hydrochloiic-acid and 
ammonia, to form h^drQQhlorate of ammonia. 

Two solids may m combining form a liquid, as is the case 
vhea crystals of sulphate of soda and nitrate of ammopia fire 
rubbed together in a mortar, or acetate of lead and alum. 
Solids may also, in combining, form gases, as is the case when 
gunpowder detonates. T^o liquids by. uniting may form a 
solid, as may be shown by pouring ' sulphuric acid into a solu- 
tion of hydrochlorate of lime. 

4. Chemical action is frequently atteilded by change of color. 
Noainiform relation has been traced bet\^een: the color of a 
compound and that of its elements. Iodine, whose vapor is 
of a violet hue, forms a beautiful red compound with. mercury, 
and a yellow one with lead. The black oxide of copper generally 
gives rise to green and blue-colored salts ; while the sSts of the 
oxide of lead, which^ia itself yellow, are for the most part 
colorless, '-r /' ■-■':. 

A beautiful instance of the change of color prodaceH by'chenlical action 
18 tfeen in mixing- solutions of bichloride of niercury and iodide of {nUssium. 
The solatioDS may be made as perfectly liitipid as water, but, upon being 
mixed, a beautkul vermilion red is produced by thefprmation of biniodide 
of mercury. The color shortly- disappears, if ciither jKilation was ia excess, 
by the re-dissolving of the precipitate. 

The color of_ precipitates i^ a very important study, as it supplies a 
character by which most subatancea may be distinguished^ 



SECTION HI. 
' LAWS OF COM.BIVATiON-^CHEMICAL PROPORTIONS. 

32& The study of the proportions in which bodies unite natu- 
rally, resoivQs itself into two p^rts.' The first includes com- 
pounds whose elements appear to unite in a gr<iat many pro- 
portions; the^^seqpnd comprehends those, the elements of which 
comlnne in a ie w proportions oiilyr- 

The compounds Contained in the first division are' of two 
kinds. In one,, combination takes place unlimitedly in all pro- 
portions; iti the other, it occurs in every proportion within a 
certain limit. The union of wateir with -alcohol and the liquid 
acids, siA^-a» the sulphuric, l^ydrochloric, and nitric, affords 
instances ^of the first mode of coitibination ; the solutions of 
salts in water are examples of the second. One drop of sul- 
phuric acid may be diffused throligh a* gallon of water, or a 
drop of water Uirough a gallon of the acid; or they may be 
mixed together In* any intermediate proportiohsj and never- 
theless^ in each case they ieippear to unite perfectly y/ith each 
other. A hundred grains of water, on the contrary, will dis- 
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solve any quantity of salt which does not exceed forty ^ains. 
Its solvent power then ceases, because the cohesion of the solid 
becomes comparatively too powerful for the force of affinity. 
The limit to combination is in such instances owing to the 
cohesive power; and, but for the ol^^tacle which it occasions^ 
the salt would most probably unite with water in every pro- 
portion. 

S27. All the substances which unite in many proportions give 
rise to compounds which have this common- character, that 
their elements ar^ united by a feeble affinity, and preserve, 
when combined, more or less of the properties .which they 
possess in a separate state. ' '• 

It should be remarked, however, that, though some sub- 
stances^ as above stated^ appear to unite in every proportion, 
it may be so in appearance only;, and there are indications 
which have induced the belief that chemical union between 
two of more substances takes place always in definite propor- 
tions. > Thus, though some acids appear to unite With water 
in every proportion, yet t^ete exe certain relative. quantities of 
acid and water which possess peculiar properties, and fprm 
the mbdt energetic eomppnnds. Mixtures of .alcohol ,and 
water' of -different strength may contain the saihe definite 
compounds -of these fluidi mixed with each other in different 
proportions. 

Many of the metals appear to combine with each other i|i 
indefinite proportions, but there are reasons for supposing 'that 
in these cases a few definite compounds are formed, which are 
variously mixed with each other. Thus Rudberg found that 
variable mixtures of metals in- cooling after fusion, have gene- 
rally two periods when the thermometer i^ ^taUonary. In 
alloys of lead and tin, one of these points is uniformly at 368^^ 
for all mixtures, while the other poi At varieracpording as one 
or the other^metal is predomin&nt,'an<} is near the fusing point 
of the preddminating metal Fpom this it is inferred that the 
Tattex^ point is caused by the congelation of the predominating 
metal, and the constant point is the congealing temperature (h 
an alloy of uniform composition present in alL the mixtures. 
This aljoy is composed of three equivalents of tin and one 
equivalent of lead, its eongealing pohflt being 368^^. In varia- 
ble mixtures of bismulfh and tin, the ..constant point Is 28d^^, 
which is the congealing temperature of an alloy composed of 
single equivalents of tin and bismuth. 

328, The most interesting series of compounds is produced 
by substiatices which unite jn a few proportions only, and 
which, in combining, lose more or less completely the proper- 
ties that distinguish them when separate. Of these bodies, 
some form but a single compound, while others unite in. twe 
and some in three, fbur, five, or more proportlbns. 
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The combination of substances that uniie in a fe^ propor- 
tions only is regulated by the foDowihg remarkable laws : — 

1. 77^6 composition and properties vf bodies are fixed and 
invariablek : - ^ r - 

A compound substance, so long as it retains its characteristip 
properties, always consists of tte same elements united in the 
same proportion. Sulf^iiric acid, for instance, is edw^ys pom- 
posed of sulphur and oxygen, in the ratio of 16.1 parts^ of thb 
former to 24 of the latter : no other elements can form it,iior 
can it be produced by its owii elements in any other propor- 
tion. Water, in like maniKT, Is formed of 1 part of hydrogen 
and 8 of oxygen ; and were these two elements to.unite.fn any 
other proportion, some new compoupd, diffef^t from water, 
would be the product. The same observation appHes^ to all 
other substances, however complicated, smd at whatev^er period 
they were produced. This law, in fact, is. universal and per- 
manent. Its importance;is equally manifest : it is the essential 
basis of chemistry, without which the science Its^f could have 
no existence. . - ! - 

2. Jf the numbers be determined which express the quaxUiiies 
of various sfjtbstances, asB^ C, jp, ^c, required to c(ymbme singly 
trith a given ^rmntity of another substance A^ then these -same 
numbers i or muttiples of;ihem, will also express theproportions 
in which any. two unU- combine'with each other i as B^U, C+D, 

B+B,^c.. y ;•; . - . 

Thujs, 16.1 parts Of sulphur,'35.42 of chlorine, 39.6 of selenium, 
108 of silver, and 1 of hydrogen, ate severally capable^ com- 
Nnin^ with 8 parts of oxygen; and it is found that when they 
combme with one another, they ^ways unite either in the pro- 
portions expressed by .those nunibers, or multiples of them. 

Numerous othei^ similar instances might be given, as the law 
is universal.. . , . ^ » 

329. It will readily be observed that the numbers used merely 
express, .the relative quantities of the substances they represent, 
that combine together; it is therefore in itsdf immateriaVwhat 
figures are employed to Express them. The 'only .essential 
point is; thatihe relation. sh6uld be «trictly observed. Thus, 
the equivalent of hydrogen may be assumed a^ M>; bui then 
oxygen must be 80, carbcm 61.2, and sulphur 161. Thomson 
makes oxygen 1, so that hydrogen is eight times less than 
unity, or. 0.125, carbon 0.70, and sulphur 2. Wollaston esti- 
mated oxygen at 10; ai^d hienice hydrogen is 1.25, carb.on.716, 
and So on. According to Berxelius, oxygen is 100. And lastly, 
several, other chemists, as Dalton, Davy, Henry, Turner, and 
others, selected hydrogen as their^uiiit; and, therefore, the 
equivalent erf* oxygen is 8. One of these -series may easily be 
reduced to either of the others by an obvious and simple cal- 

: -a ..-, 1 . 1 , ■ <:. ; . . 

* VwrtB by weight ore alwaTS intended uhleas it is otherwise ezi^rassed 
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culatibn. Theiiunot^rs adopted f n this work refer to hydrogen 
89 unity. "^ 

There seems to be particular propriety in making the equiva- 
lent of hydrogen unity,, sihce^-jt is much smaller than the 
equivalent of aity other known substance. 

330. Having lEtgreed upon the basis of our system of numbers 
for this purpose, it will be perceived that the number which 
reprtesents the lowest combining proportioh of any substance 
must always be the same, whatever may be th6 other sub- 

. stance with which it is made to unite. This nuniber is ex- 
pressed by the^t^rms tombining prefportional^ or equivalent. 
Thus, the equivalent of hydrogen being 1, that of oxygen will 
be 8, sulphur 16.1, carbon 6.12, chlorine 35.42, silver 108., &c. 
.. At p£^e 136 will be fpund a table of the equivalents of- the 
iBl6raentafy substances. ' . / 

This lav does not apply to elementary substances only, 
since compound bodi,es have their combining proportionals or 
equivalents, which riiay likewise he expressed iri numbers. 
Thus, since water is composed of one equivalent or 8-parts of 
oxygen, and 1 equivgdent^r 1 of hydrogen, its combining pro- 
portion or equivalent is 9. The equiv-alent of sulphuric acid is 

' 40.1, .because it is a compound of one equivalent or 16.1 parts of 
sulphur, and three equivalents or '24 parts of oxygen ; and in 
like manner,, the -combining proportion of hydrochloric, acid is 
36.42, because it is a compound of one equivalent or 35.42 parts 
of chlorine, and one equivalent or i part, of. hydrogen. The 
equivalent number of potassium is 39.15, and as that quantity 
combines with 8 of oxygen to form potassa, the' equivalent of 
the latter is»39.15-f6==47.15. Now whenr these compounds 
unite, one equivalent of the one combines With one, two, three, 
or more equivalents of thfe other, precisely as the simple sub- 
stances do. The hydrate of potassa, for example, is constituted 
of 47.15 parts of potassa "and 9 of ^ water, and its equivalent is 
consequently 47. 1 5-f 9==56. 1 5. The sulphate of potassa. is com- 
posed of 40.1 sulphuric acid +47.15 potassa; and the nitrate of 
the same alkali of 54, 1 5 nitric acid + 47. 1 5 of potassa. The equiva- 
lent of the former salt k, therefore, ,87.25, andof the latter 101.3. 
The composition of the salts affords- a very instructive illus- 
tration of this subject ;", and to exemplify it still farther, a list 
of the equivalents of a few acids and alkaline bases is s^n- 
nexed: — 



Hydrofluoric acid . . . 19.68 

Phosphoric acid 71.41 

Hydrochloric ^cid. . . 36.42 

Sulphuric acid 40 1 

Nitric acid...... 54.15 



Lime.^. 28,5 

Soda ,..%.. 31.3 

Potassa. 47.15 

Stroniia......;. 51.8 

Baryta ...... . . ... 76,7 



331. It will be seen at 4 glance that the neutraliring power of the dif. 
ferent alkalaes is very different; for the equivalent of each base.expresBea 
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the quantity reqaired to neotnilize an equiyal^nt of each of the acids. Thus 
31.3 of soda, and 76.7 of baryta, combmc. with 54.15 of nitric acid, fbrmihjr 
the neutral nitrates of soda and baryta. The same fact is obvious with 
respect to the acids; for 71.4 of phosphoric, 40.1 of sulphuric, unite with' 
76.7 of baryta, forming a neutc^ {riiosphate, and sulphate, of barytal * 

From this law it follows (as stated by Oinnt^, Sil,J(mr,xii. i\) that the 
respective quantities of any iilkaline, earthy or metaltitf has^, required to 
saturate a given quantity of any acid, are always in the same ratio 16 each 
other, to what acid soever they may be applied] and, as the conirerse of 
this, that the respective quantities of any acids, required t^ saturate a given 
quantity of any base, are always- in the same ratio to each other, to what 
base soever jthey may -be i^ppliedL It is hence evident, as was early noticed 
^y chemists,, and considered a, curious fact, that when twq neutral salts 
.mutually decompose each other, the resulting salts musi.alsp necessarily be 
neutral. , ^ ' • .' . . ■ ^ 

Z, Jf a »tib^ance, A^ is capable^ of comMning' m* aeoiral dif- 
ferent proportions, with another subptancCf Bj the several quan- 
tities, of.p, which, in 'the differ ehi compounds^ unite with the 
same quan^yaf At hear to each other very simple roiiost that 
usually may be represented by thei numbers T, 2, 3, .4, 5, 4*c., or 

i.ii,a,2i,^,3j,4'c. '. : : 

33.2^ In ibe first case it will be observed the i^econd, third, 
&c. quantities, are multiples^ of the first, bnt in the second, of 
one-half of the first, for the numbers 1, li« 2, 2i, &c., are of 
course in the same ratio as the numbers 2, 3, 4, 5, 6, &c. 

The compounds of nitrogen and oxygen, fiirnish examples 
of cofnbinationin which the several quantities of oxygen are 
to each other in the. ratio indicated by tjhe first series of num- 
bers above given! .. Thus, . 

Nitrous oxide contains Nitrogeii . . . 14.15 ^ . Oxygen .... 8 "l 1 

Nitric oxide. .. . . . . . T .% . : do. .. 14.15 . . do 16 | 2 

Hyponitrous acid ...... do. .. 14.15.. ; da. .. ..24 >3 

Nitrbus acid. , do. ^ . . 14;i5 . • do. .... 32 i 4, 

Nitric acid do. . .44.15. . .do; ....40j5 

In the compounds of manganesft Jtnd ozygta, the several quantities of 
oxygen united with the same quantity of maoigapese,«re in the ratio of the 
second oeries of numbers^ Thus, . i . 

Protoz. of Mangai^ese contains Manganese 37.7 . . . .Oxygen 6^1 

Sesqnioxide \\ £k 27.7 ... do. 12 1^ 

Peroxide..^';.. •••• ^^h 27.7.... do. 16 >i$ 

Manganic -acid . '. ' do. 27.7 ..> -. . do. 24 3 

Permanganic €6id ; . . . . dn. ' 27.7. ... do. 28 J 3^ 

In this series of compounds, one plac9, it will be .observed, is wanting 
between the peroxide and matiganic acid ; and it.mayhereafler be ^Ufsd by 
further research. In all these cases combination takes place between 1 
equivalent iof therfirst substance and 1, 2,. 3, 4,.&c., eq. of the second, or 2 
of the first, to 3, 5, 7, &c^, of tbd second. Still more complex arrangements 
may, pf coarse, be conceived, such as 3 equivalents of one substance, to "4, 
5, &c., of another^ but though theoretically possible, the existence of such 
compounds has not been de<5ided1y established. 



t • 
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This Jaw of lAuUipIe proportions applies also to compound bodies ^ every 
daaa. ' Thps, the three compounds of chromic acid and potassa are com- 
posed as follows : — . ,- 

Chroniate of PotiMwa contains Potaasa 47 J 5 Chromic Acid 524'] 1 

^ Bidiromate do. ^ do. 47.15 da 104. >2 

Tcrchromate do. .; do. 47.15 do. 156. j 3 

4. Tile gases unUe by volume ia very eimpte ratios^ usually a^ 
1 to 1, hto 2, or 1 ^o 3, 2 to 8, ^6. When Condensation accom- 
pc^nles' chemical action, as is often the case with the gases, the 
diminution of bulk is' also in a simple ratia . . 

Sufficient ^lustration of . this' law. will be found iii the follow- 
ing table.. In tlie first three exa.mp}es no condensation takes 
place, as do^ in the others. ^ ' ' 

Vn^mes tff £Umtnt9, , R^suUivg dnnpountb,' 

lOp Oilorine. . . • , . . . .-^100 Hydrogen yield 200 Hydrochloric 

^ " acid. 

100 Cyanogen. .......+ 100 Hydrogen «« 200 Hydrocyanic 

* " - ' ' '• acid* 

100 Oxygen ...+iOO Nitrogep "^ ^ Binoxide of 

' . •- Nitro&en. 

100 Nitrogen .,..».. . .-fSOO Hydrogen « 200 Ammonia. 

50 Oxygen .;.....;.. + 100 Hydrogen ♦* 100 Water.' 

100 Vapor of Sulphur. -f 600 Hydrc^en~ «« 600- Mydrbsul- 
-- ■ . - . ' ■ y ' .phuric acid. 

'333. The utility of being acquainte'd'with the preceding important laws 
is^ almost too manifest to require mention. Through- tbmr aid, and by re- 
membering the equivalents of a few elementary^substances, the compoeiticm 
of an extensive range of compound bodies may be calculated^ with iiicility. 
^us, by knowing tfaat6.12 is the equivalent of carbob, and 8 of cnygen, it 
is easy to recollect- the compositTon of carbonid oxide and carbonic acid-; 
the first consisting of 6.12 pa^ of earbon -{• 8 of ozvgen, and the- second 
of 6.12 carbon 4. 16 of oxygen. The* eq^velent of potassium is 39.15; 
and potassa^its protoxide, is composed pf 39.15 ofpotastsium -f- B of oxygen. 
From these few data, We know at once the jQoropteHion of carbonate and 
bicarbonate of potassa } t^e former being composed' of 22.12 parta of car- 
bonic acid 4. ^.15 potassa, and the latter of 44;24 carbonic acid -|- 47.15 
potassa. .".""' 

From 'the same data, calculations, which would otherwise be difficult or 
tedious, may be made rapidly and i^ith ease, without reference to books, 
and f^equen^ly by a simple mental process. The exact quantities of sub- 
stances^ required to produce^a given effect may be' determined with certainty, 
thus affording information which is oflen necessary t(> the success^ of chemi- 
cal processes, and of ^^reat consequence, both in the practice of the chemical 
arts, and in the operations o^ pharmacy. 

334. The same knowledge affords a good test, to .the analyst by which 
he may judge- of the accufacy of his results, aiid even sometimes, correct an 
analysis which he has not tlie means of pertbrihiilg with rigid, precision. 
Thud a powerful argument for the accuracy of an analysis is derived from 
the correspondence of its result with the laws of chemical union. On the 
contrary, if it form an exception to them. We are authorized to regard it as 
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doabtful; and may hence be led to detect an error, ttie existenoe of which 
might not. otherwise ha^'been suspected. If an oxydizedbody bd fbimd to 
contain one equivalent of the eombustibia- with 7.99 of oxygen, it is fiiir to 
infer that 8, or one equivalent of pxygeni wodd have been the result, Had 
the analyais been perfect 

335. The useful instrument, known by the name of the -iSScoZe of. 
Chemical Equivalents, was originally dev«^d by^Wollastoq, and is a table 
of equivalents, comprehending all those substances which dre most fre^ 
quenUy employed by chemists in the laboratory ; and it oidy differs from 
other tabular arrangements orthe same kind, in the numbers being attached ~ 
to a sliding rule, whibh is'^ divided ac.cording to thb principle of. that of 
Gunter. From the mathematical <x>n8truction of the scale, it not. only serves- 
the same purpose as other tables of equivalents,- but in m^y instances 
supersedes the necessity of calculation. Thus, by inspecting thq- common 
table of equivalents, we learn that 87 parts, o^iitting. the fraction, or one 
equivalent of sulphate of potafisa, contam.40 parts of sulphuric acid and 47 
of potassa ; hut recourse must be had to .calculation, when it is wished to 
determine the quantity of acid or alkalt in itoy other quantity of the salt 
This knowledge, .on thccontfarjr, is obtained directly by. means ojfthe.scala 
of chemical equivalents. For exilmple, on pushing. up the slide until 100. 
marked upon it is inf a line with, the name sulphate of potassa on the Qxed 
part of the scale, the numbers oppo^te to the terms sulphuric acid and 
potassa will giv^the precise quantity of each contained in. 100 parts of the 
compound. .In the original scale 6t Dp. Wollaston, oxygen is taken as. the 
standard of^ comparison, but.' hjdrogeJA may with equal propriety be selected 
for this purpose ; and scales of this kind have 'been constructed by Dr. li. 
C. Beck of New York, and Prof. Henry of Princeton, New Jersey, then 
associated together. ' . - 

. AT. O Ml C THE OR TV M^ 

336. The preceding laws of combination rest upon tife immibvable basis 
of facts which have Iwen settled by numerous accurate and dee&ive experi- 
ments; and indeed, the, laws themselves, as they- are called^ are only the 
enujiciations of these feets. The atomic theory was proposed by Dalton the 
discoverer of the preceding la?ws, to account for these fac|»* 

Two opposite opinions haye long existed ooncerning- the ultimate elements 
of matter. It is supposed,'accordrng to one party, that every particle of 
scatter, however -small, may^be divided into smaller portions, provided our 
instruments and organs inhere adapfisd to; the operation. Their opponents 
contend^ on the other hand, that matter is composed of certain ultimate par* 
tides or molecules, which by, their nature are indivisible, and arc hence 
termed atoms \from a, nai, and rsftvuv, to cut.) These opposite opinions 
have from time to time been keenly contested, and with variable success, 
according to the acatenesa ai^d ingenuity of their respective champfons. 
But it was at last perceived that no positive data existed capable of deciding 
the question, and its' interest) therefore, gradually declined; The progress 
of modern chemistry has revived the general attention to this controversy, 
by affording a far strcmgfei: argument in favor of the atomic constitution of 
bodies than was ever advanced befbre, and cyie which is almost irresistible. 
We have only, in fact, to assume with Dalton, that all bodies are composed 
of ultimate atoms,' the weight of which is different in differeAt kinds of 
matter, and we explain at once the foregoing laws of rchemf<^ union ; and 
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this irnkke of reayooiDg is in the present caoe almost decifiive, becAiue the 
phenomena do'not appear explioable on any other supposition. 

337. According^ to the atomic thjeory, ^very componnd is* formed of the 
atoms of its constituents. An atom of A may unite with one, two, three, or 
More iitoms of & ' Thus, supposing water to be tomposed of one atom of 
hydrogen and one atom of oxygen, binoacide of hydrogen will consist of one 
atom of hydrogen and- two atoms'of oxygen. If carbonic oxide is formed 
of one atom of carbon and one htom of oxygen, carbonic acid will consist 
of one atom of carbon and two atonid of oxygen. 

if^'m the compounds of nitrogen and oxygen 'enumerated above (332), the 
first or protoxide consist of one atom of nitrogen and one atom of oxygen, 
the four others will he regarded as compounds of one atom of nitrogen to 
two, threci four, and five atoi^s of .oxygep.- ^rom these instances it will 
appear that the law of multiple prpportion» is* a necessary consequence of 
the atomic theory.. TheriB is aJso ho apparent reason why two or more 
atoms ofaob suiwtanoemay not combine with two, three, four, five, or more 
atoms of another ; bat, oh the contrary, the^ arrangements are necessary 
in explanation of the* not unfi'et)uent occurrence of haff ecfuivalents, as for- 
merly stated* Such combinations Will also accotmt for thepempGcated pra> 
portion noticed in' certain compounds, especially in many of those belonging 
to the animaland vegetable kingdoms . '. 

338. In consequence of the satisfactory explanation which the laws, of 
chemical union receive. by means of .the atomic theory, it has become cus- 
tomary to employ the term atom in the satpe sense as coi^bining jnroportioa 
or^ equivalent For example, instead of^describing water as a compound of 
one equivalent of oxygen and'onfe eqoivii^ent Qf hydrogen, it is said to con- 
sist of one atom of ei^cb element In like manner, i^ulpfaate of potassa is 
said to be formed of .one atom of sulphuric acid and one atom of'potassai ; 
the word in thb case -denoting, as it were, Ji .compound atom, thdt is, the 
smallest integral particle of the acid or alkali,— « oarticle Which does not 
admit of being divided, except by the separation of its elementary or con- 
stitoentrAtoms. The numbers expressing the proportions in which bodies 
unite must likewise indicate, consistently, with this view, the relative weight 
of atoms ; and accordingly, these numbers are often called atomic weigktM, 
Thus, as water is i»)mposed of 8 partfr of oxygen and 1 qf hydrogen, it fol- 
lows, on the supposition of water consisting of one atom pf each element, 
that an atom of oxygen must b6. eight times u heavy as an atom of hy- 
drogen. If carbonic oxide be formed of Slmtom of carbon and an atom of 
oxygen, the relative weight of thdr -atoms is as 6J2 to 8 ; and, in short, the 
chemical equivalents Of all' bodies mfiy be considered as expressing ^e 
relative weights of their atoms; 

The foreffoinir argument in favor of the atomic ccAistitution of matter,' 
thougji in itself strong,~derives- much support fi*om other considerations 
connected with crystalization,. which, however, are too theoretical to be here 
introduced. • . - 

If this theory is considered as resting on a sufficient .foundation, the.ap- 
propriateness of the terms binary, ternary, quaternary, &c., applied to com* 
pounds composed of two, three, i^c, atoms, by Dalton, wiiV be at once 
evident ■' . j . 

CHCSMICAt .SYMBOLS. 

339. The impracticability in many cases of contriving con- 
venient names e;rpressive of the constitution of cHemicu com- 



pounds^ e$pecialt7 of minerals, suggested* the employment of 
symbols as an abbreviated^ mode of denoting the composition 
of bodies. A set of^ymbols was, therefore, some time ago pro- 
posed by Berzelius, which.hasf been almost universally adopted; 
and cannot be .omitted even in' an elementary work. Com- 
bined according to rules agreed^ upOA to -express the various 
chemical relations pf the substances they represent, they con- 
stitute Chemicai FbrmuUB. 

340. The initials of -the Latin names of the simple substance 
are adopted' for their symbols, but as several substances have 
the same initials, the distinction is made by means of' an addi- 
tional letter. Thu^ B. stands- for boron; Ba, barium; Hi, bis- 
muth ; C for carbon ; Cu, (from cuptum) for copper, dc-c. On 
the next page will be fouiKl a table representing the symbols 
of all known, simple substances, with their atomic\weights. 

These symbols indicate a«isingle equivalent of the substances 
they respectively represent ; and to indicate two, three, or more 
equivalents^ a figure is placed a little below the symbol- at the 
right 'For* instance, S signifies a single eq. of sulphur, Ss', ^3, 
&c., two, three, &c., eq., and O4, C5, four eq. of oxygen, fi^e 
eq. of carbon* &€. Two or more symbols placed side by side 
imply that the substances they represent are combined; as 
S3 .O5, Which is the symtfol^ for hyj)Osulphuric acid, and indi- 
cates that 2 eq. of sulphur jand 5 of oxygen arq combined to 
form an ecjuivalent of this eo(npQund. • To represent several 
equ^ivaletits of a compound, a figure is placed at the left, which 
affects all the letters conupg £^er it to the first stop or sign of 
addition. Thus 23,0^ signifies two equivalents of hyposul- 
phurie acid. So HeC403 is the symbol for an eq. of alcohbl, 
and 3HeC402 for 3 eq. of this substance. , r 

A comma placed between two symbols^ signifies that they 
are combined, and lit fnuch tised^.in the symbols of complex 
compounds. Thus, NO;, is the symbol for nitric acid, and KO 
that for potassa, "while I^O^, KO signifies an eq. of nitrate of 
potassa. When two i^ts or o^her very complex compounds 
are comibined, the sign +' is often used. Thus, KO, SO3 is the 
symbol for sulphate of potassa, and HO, SQ3, that for common 
hydratec^ sulphuric acid ; and K0,S03-f HCSOg signifies the 
compound formed by the union of the two. But, generally, 
this sign .is used only ih cases where an inferior degree of 
affinity prevails, or where substances are only in a. state of 
mixture. * 

341. The above explanation of the use of these symbols is^in accordaficc 
with the most approved usag^ at the present time, but in many authors 
Blight' modifications of it are employed. From the frequent occurrenee of a 
double atom, a symbol has' been adopted to, designate it, which consist* 
■imply in drawing .a dash .across or under the symbol of the substanoi 
Thus IS or H signifies 2H, and F or P signifies 2P. 

So chemical formula are sometimes simplified, especially those for ve 
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complex compoandsj by denoting deg^recs of ozydizement by^dots placed 
over {he symbols of the elementary substances. Tbas, the symbob for 

^ • • • • • 

potassa, lime, and l>aryta, become. K, Ca, and Ba ; and that for nitrate of 

•• •• ■ * 

• ••••••• 

potassa K-f-N or KN. Inverted commas pli^ced in a similar manner over the 
symbols of the elemetitary substances, indicate snlph'urets of those elements. 
' Certain compounds, for the 1sak6 of brevity, are often denoted by single 
symbola, in the same manner as the elements ; thus an equivalent of wa&r, 
amrmonia, and cyanogen, are sometime^ expressed Aq., and Am., and Cy. 

A very gfeat advantage derived from the use of these symbols, is the 
facility they afford in comiprehending chemical ch&nges, numierous instances 
of which 1^11 occuf in the progress of this work.- We will refer now only 
to the instance of double decomposition on pajge 121, of car'bonate of urn- 
nionia and hydrochloratc of lime. Thus, NH^, CX)', by interchange of 
elements with'CaO; HCl, will produce CaO,CO, and NH^, HCI, by whidi 
we perceive, ai a single glance of the eye, that the elements in both cases 
are the same, as well as the manner in which they were combined, 6oth 
before and after mutual decomposition. ^. 

• The. following table exhibifir the symbols and equivalents 'of ififty-6ve 
simple substai^oes. One or two others have been discovered, but little ia 
yet known with regaird to them. . '^ ' 

Thhle of Chemical Sfftnbch and JSquivdlentB of ElemenUiry Suhisjtances, 



ElemenU. Sgmbola. Equip. 

Aluminum Al 13.7 

Antimony (Stibium) . . . .Sb • 64.6 

Arsenic -. • As 57.7 

Barium Ba 68.7 

Bismbth .......Bi 71 

B^ron ...B 10.9 

Bromine Br "78.4 

Cadmium « • • ^Cd 55.8 

Calcium...., Ca 20.5 

Carbon C 6.12 

Cerium » . .Ce 46. • 

Chlorine. : CI 35.42 

Chromium '• ^Cr 28, . 

Cobalt Co 29.5 

Colu^ibium (Tantalpm).Ta 185. 

Copper (Cuprum) Cu 31.6 

Fluorine F 18.68 

Glucimim ...G 26.5 

Gold (Aunim) An 199.2 

Hydrogen .. • f . . . # H I. 

Iodine .......'....«.... I l'S6.3 

Iridium.. .^ ........... .If 98.8 

Iron (Ferrum). Fe 28. 

Lanthanum .... .\ .... .La 

Lead (Plumbum) Pb 163.6 

Lithium ; L 6.4 

Magnesium ^ Mg 12.7 

Manganese Mn 27.7 



EUmnJU. * : SymhoU, 
Mercury (ny^rargynim) ilg 
Molybdenum .... /..«.. Mo 

Nickel ^...Ni 

Nitrog^i i-N 

Osmiumf. ...'.*.'.:..... .Os 

Oxygen .O 

Palladium....... Pd 

Phosphorus . . . . « P 

Platinupi Pt 

Potassium (Kalimn) . . . . K 

Rfabdium R 

.Selenium .- Se 

j-Silicon ...;..^ Si 

Silver ( Af gentum) Ag 

Sodium (Natriun). . . . . .Na 

Strontiuijo. . . » .Sr 

Sulphur ; .S 

Tellurium Te 

Thorium .,.. ..i.Th 

Tin (Stannum) Sn 

Titanium .'Ti 

' Tnn^ten(Wolfhun). . . .W 

Vanadium V 

Uranium.... ....U 

Yttrium , Y 

Zinc ..... .'. .^ . . ..... .Zn 

Zirconium . . • . • Zr 



Eqniv, 

202. 
47.7 
29.5 
14.15 
99.7 
8. 
53.3 
15^7 
96.8 
39.15 
52.2 
39.6 
22.5 

108. 
23.3 
43.8 
16.1 
64.2 
59.6 
57:9 
24.3 
99.7 
68i> 

217. 
32^2 
32.3 
33,7 
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Some English writers, and HarQ,*in this country, hate ado{)te3 Po and 
' So, instead of K and Na, as the syn^ls ofpotassiam ahd'sodiom. 

342. ^8omeric Sodiea. — This term- has been a|>plied to those bodies which 
are composed of the sartie elements united in the same proportion, but are 
possessed of distinct properties. I'he term is deiived from tm;, efual^ and 
iuf9s, part, in allusion -fo the equality of their ingrredients. 

343. Though bpdies of this class have the same ultimate composition, in 
all their chemical relation& they may difier as widely as substances which 
have not a single element in common. Generally, their equivalents 9ra 
different Thus, olefiant gas is composed of a liingle equivalent df carbon 
and hydrogen, and paraffine, when analyzed, is ^nond to contain these ele- 

- Rients united in the same ratio. The fiirroer is distinguished for the variety 
of its reaction* with, other substances, while the latter, which is solid, is not 
acted upon by. Ijie strongest acids. The. equivalent of defiant gas is 14.34; 
but that of paraffine is* not' known. 

344. The discovery of isomerism wasquite unotpected, but it i»nentirely 
consistent with themaual tbeuries of chemical unions Thus, sulphuric acid 
iaa compound of one equivalent of sulphur, and three eq« of oxygen, but 
these ingredients may be combined as SQ^, S04>O*, 80*^0 : or, in 
other words, there may be three substance composed of these elements, 
united in the same ratia' 



' sb;ction IV. 

CRYSTALOORAPHY. 

345. Thb particles of liquid and gaseous bodies, as they utiite 
to form solids, sometimes cohere together in an indiscriminat'e 
manner, and give rise to irregular, shapeless masses ; but more 
frequently they attach themselves to each other in a certain 
order, so as to constitute solids^'possessed of aregularly limited 
form. The process by which such a body is produced is called 
erystaKzatioh; the solid itself is termed a crystal ; ajid the 
scfi^nce, the object of which Is to determine and classify the 
forms o{ crystalSf is trystaR)graphy. . . ^ . ^ 

346. Most substances . cry stalize under ifkvorable circum- 
stances. The condition by which the process is peculiarly 
favored is the slow and gradual change of a fluid into a solid, 
the arrangement of the particles being at th^ same time undis- 
turbed by motion. This is, exemplified during the slow cooling 
of a fus^d mass of sulphur or bismuth, or the spontaneous 
evaporation of a saline solution ;-and the origin of the numer- 
ous crystals, which are found in th^ mineral kingdom, may be 
ascribed to the influence of the same cause. 

347. All substances are limited: in the number of their crys- 
tal) ne forms. Thus," calcareous spar crystalizes in rhombohe- 
drons, fluor spar Iri cubes^ and quartz in six-sided pyramids ; 
and these forms are so far peculiar to those substances, that 
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Suor spar never crjrstalizes. in -rhodibohedrons or six-sided 
pyramids, nor calcareous spar or qaartz in cubes. Crysta)in« 
form may, therefore, serve as a ground of distinction between 
different Substances. It is accordingly employed by raineralo- 
eists for distinguishing one mineral species from another ; and 
it is very service^able to the chemist, being an important physi- 
cal character of many substances. 

348. The cryitalization or gpbatinoH iobjf b« «^cled by Mreral pro- 
oeaaei. Ifthe subitanct is more ■oluble al'high Uiui Btlow tempenlum, 
b; mikiog i iKtur&tsd "iKiiling BolnliMi, ami allowing it to cool slovlj, a 
pOTtion of uyBtals nrill be ohlaiaed ; if itls' equally soluble at all tempera- 
tnrea, tho aalde effect nill be produced bj the alow evaparatiod of the sol- 
Tent Inaoluble autclanceB maj often be arataliied by alow cooling from 
fuiion. Tfaus, if a ([uantily of inlphur ii melted and alloived to cool ilowly, 
rig.'so. "P°." breaking the emit and ponrinirDDt Ml that re. 

nuiiui liquid, a man of ciyatala will be found within; 
^ ahootiiig in erciy directicai, m tppnwnted in fig. 50. 
u Tbe «ty>talitatian of tnuj adbaUnco, as sulphur, 

I conori*e auUiiMta^ iodiMi deon may abo'bepiodaced 

I I b; aablimatloii. ^ ' ' . 

1 1 349. Eren in lolida; crfttalixathiii ■ometimea takea 

1/ place. Copper wire whicb haa been lon^ kept la (aid 

/ often to toae iti tenacit; in consequence of cubic crya- 

tola t^the metal gndaally forming' is iL When Bngnr 

is melted and alloned to csol, it fonua a hard. [ranapiUBnt maag; but by , 

keeping some time it [^dually becomes opaque, and eibibits Ibe □rdinary 

wbile color and cryalaline atraeture of reHned sugar. . CommoD " lemon 

candy," which ia aauallj >otd in anull flat piecei, an inch wide abd four 

inches long, is beaatifiilly tiani^parvnl when first- fqrmed ;. btil after a &w 

hoan crjalallzation oommenCea in nnmerous punts, and ^vdnally extendi 

through the mass, which now becJjmea opaque; and at the same time lis 

flavor is much improved. 

350. Many Bubataneee in crystaliiin^ absorb a large quantity of water, 
callod their maltr of erytltiliiatvm, whicb is esaentii^ to the existence of 
tho cijslals. 11 Bometimes amounts to half their weight. When exposed 
to tbe air, tbe water oflen eiaporales and the cijatals All to powdeu. They 
are thco said to ^ffortitt. Glauber's salt is a sajted instance of this. 

S.'il. In deacribin? crystals we' have frequent occasions to 
speak ofthe/ocw, ^w, and snitd and j)/aneong-fc«. The faces 
are the planes which terminate the -solid .in every direction j 
and the union or junction of any two of .thetti forms an edge 
A plane angle is formed in a plane by the meeting of two lines, 
but a solid angle Is formed by the meeting of tnree or more 
I^ane angles. 

Lines connecting similar parts of crystals diagonally opposite 
are called axea. Usually, these axes connect opposite solid 
angles or the centres of opposite feces, but sometimes lines 
•jnitlng the middle points of opposite edges areeo'termed. 

352. The forms of crystals are exceedingly diversified; and 
are divided into primary and secoifdary. This distinction is 
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founded on the fact^that the same substance frequently assumes 
difiEerent forms, which, however,- except in casea of dimorphism, 
are geomietricaljy allied tp each other, and -may all, by means 
hereafter to be explained, be reduced to the Scime. 

353. Primary Forms. -^The number of primary forms is 
fifteen, and may be divided into three classes of prisms, octo- 
HEDRONs, and DODECAHEDRONS. The pHsms are all four-sldcd 
but one, which is six-sided, and is called thp Htxagonat prism. 
The four-sided prisms may be again subdivided into the right 
prisms^ the lateral edges ef which are pefpcnd\ctilar to the base, 
and the ablique jpri8m9f the. lateral edges of which are inclined 
to the base. 

1. JUff^U Prisms, 

Base a square ; lateral planes equal. to basal . /. . . '. '.,..... Cube, 
Base a square ; lateral planes not equal to - / . 

, - basal. 5 ........... , \,»^ight Square Prist/L 

Base a rectangle > .' JS^. Rectanglar P. 

Base a rhombus •: .Rt. Hhombic Pr, 

Base a rhomboid... . . . r. . ,. JRt, MkoTnboidal Pr. 

. 2. OhUque Prisma, 

Base a rhombus; lateral planes equal to basal, Rhombofiedron. 
Base a rhombus ; latei*al plates not equal to 

basal. 1 . . . w..» . . , . w *. Ob, KhomMc Prism, 

Base a rectangle . . » «•>......... 06. Rectangular Pr, 

Base a rhpm)3oid. .' ,. ,'Ob. Rhomboidal Pr, 

There are'.fbiir octohedrohs, also named from their bases. 
The octohedron is said to be in pojsition when its base, with 
reference to which i,t is. named, is horizontal. 

Base a square ; faces equilateraltriangles . . . . * . . . Regular Oct, 

Base a square; faces isosceles triangks. , Square Oct, 

Base' a recta;igle . ...» ..... ^ .........' Rectangular Oct, 

Bs^e at rhombus. ; .^^ Rhombic Oct, 

The rhombie dodecahedroi^is the only primary solid of this 
form. - - \- 

The following table from DanaJs Mineralogy exhibits, in a 
condensed form, the relations of the several primary forms: 

' -^ .J PRIMARY FORMS. 

"Ijase six-sided .ffearagonal Prism. 

riateral planeisT equal to basal Cube, 

^ I lateral ' rbase a square. ...... .Rt. Square Pr. 

-gj^ planes notj base, a rectangle, iZ^. Rectangular Pr, 

'C I equal to ] base a rhombus . . ,,Rt RhornMc Pr, 

( basal [ base a rhomboid, fi^ JR^o77?feoidai TV. 

q5 rlateral planes e^ual to basal Rhombohedron, 

g,J lateral planes Tbase a rhombus, 06. Rhombic Pr, 
not equal < base a rectangle, 06. RecVlar, Pr, 
to basal. ' ( base' a rh6mboid,06. Rhom^dal Pr 
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' i . rfaces equtiaterah ; / Begular Octohedrtfii, 

g S j" faces C base a square .Sqitare Oct. 

>* S ] not < base a rectangle ...'...... Rectangular Oct, 

o ^ [ equilateral ( base 9, rhombus'.. Rhombic Oct, 

Dodecahedron ....;..... Bhombic Dodecahedron, 

> , • 

In giving a more particular description of these solids, some 
advantage may be gained by keeping distinctly in view the 
division proposed above (353). 

1. PRISMS. 

1. Ri^'hf Prims. 

354. In which the lateral edges are aU perpendicular to the 
plane of the base. 



Pig. 51. 



Fig. 53. 




1. I'he cubCr figure 51, is a 
solid bounded by six. equal 
square faces. All its plane 
angles are right angles. 

2. The ri^txt' square prism, 
figure 52, is also a six*sided 
^soIid,'and all its plane angles 
are right angles, but it differs 
from the cube, in that the 
lateral flice$ M are rectangles, 

while'the bases P are squares.^ The basal edges e are of course 
equal to each other, but the lateral edges 6, tHough equal to 
each other, may be either greater or less than the basal. " 

3. The right rectangular prism has ^ six ^ sides, and right 
angles, but its adjacent lateral faces MM, fig. 52, differ from 
each other as well as fi^m the bases P. Its faces are ia &ct 
all rectangles. JSfo two of its dimensions!, of course, are equal. 




Fig. S3. 



Fig. 54. 



4. The right rhombic prism is 
the same as the^right square prism, 
except that its- bases P, fig. 53,' are 
rhombuses. 

5. Xhe right ifiomboidal prism, 
differs .from the right rhombic 
prism only in its bases, which 
are parallelograms instead of rhom- 
buses. * 

6. The hexagonal prism, figure 
54, is a solid bounded by six lateral planes^ which are rectan- 
gles, and two hexagonal bases. The angles of the bases, 
apd of course the inclination of the lateral feces- to each other, 
are 120^ 

2. Oblique Prisms^ . 

In which the lateral edges are not at right angles to the plane 
of the base. ' * . 
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7. The rhombohedron, fig\ire 55, is bounded 
by six equal rhombic faeces. It differs from 
the cub^, in that none of its adjacent faces are 
at right angles to each other. 
. 8: In the oblique rhombic prism, the ba^ea 
are rhombuses and the lateral faces parallelo* 
grams. 

9, The oblique reetangular prism has its 
bases rectangles, and its lateral planes paral- 
lelograms. 

)0. The oblique rhomboidal prism is a solid bounded by six 
rhomboidls or parallelograms* It .'differs from the right rhom- 
bqid&l prism, in having its lateral edges incline^ tcf the plane 
of the base^ ■> , > i 



II. OCTOH ED.ro NS. 



Fig. 56. 




,11. The regular octdhedron, figure 56, is con- 
tained under eight equilateral triangles; and 
consequently all its plane • angles ire 60®. A 
section, j^ mnopt or xyzt^ made through any 
four of its edges, will be a square. 

12. The square octohedron, or, as it is some^ 
times Galled, the octohedron with a sqiiai'ie base, 
is botinded by eight equal isosceles triangles. 
The base mnop, fig. 56, is a square, which how- 
ever will not be the case with a section made 
through any other of its edges, as scyzt. ' 

13. The rectangular octohedron is. limited by eight isosceles 
triangles also, but they constitute two- classes o? four each, 
whieh are similar. The base mnop, is a rectangle, but the 
angles of a section made by passing a plane through any other 
four edges, will be qbUquie. ; . 

14. The trhombic pctohedron'ao, figure 57,1s contained under 
eight faces, which are similar scalene triangles. The base 
bS)b i» a rhombus. 

Fig. 58. 
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IS. The rhombic dodecahedron, fig. 58,1s bounded l^ twelve 
similar rhombic faces, which incline to .each other at an an^ . 
of 120 degrees. 

Some of the above ftirma are very seldom 3een,as the oblique 
rectangular prism, which occurs only in a few artificial salts. 

355. Secondary fhrw. — Tjie secondarr forma are vejry 
noiaerous; indeed, tiie number is unlimiteo. 

They are formed from the prinSary fprtns by abstraction of 
the angles or eigea, which is called a replacement ofthe angle 
or edge. This replacement may be by*^ single ^lane, or by 
two or more planes. The plane is said td be a tangent plane, 
when it is equally inchned to the two primary fkce^, which 
form an edge, or to ail the planes which tinite to form a soHd 
angle. . ' 

- The production of second- 
ary fornis from the primaries 
will be best seen by referring 
to a few instances. Figure 

59 represents the cube with 
all its solid angles replaced 
by tangent planes, and figure 

60 represents the same with 
the replacements considera- 
bly larger, so that the primary feces M are nearly "bbl iterated ; 
but when they disapp^r, it Will evidently pass into the form of 
the regular octohedron. 




ng. «i. 




Fig. 61 represents a cube with fill Its edges 
replaced by, tan gent planes ; but if the replace- 
ment should be continued, till the Aces aaa 
of the cube'entirely disappear, the rhombic 
dodecahedron, fig. 58, win result 

Figure 60 may b# considered as a regalar 
octohedron, with its six solid angles truncated, 
" and figure 59, the same, with the process of 
replacement carried ■ still ferther. If the re- 
placement is continued till the faces A ofthe octohedron disap- 
pear, we shaU evidently have a cube. The right square prism 
and square octohedron evidently sustain to each other the same 
relation. 

Fig. no. The regular octohedron, with all its edges 

— Iftced by taneent planes, is represented in 
62, This repacement, if continued, would 
I result in the rhombic dodecahedron. — 
er secondary forms may result from these 
le primaries, bv different replat;ements of 
edges and angles, but they cannot be no- 
d here, nor the thousands which may be 
luced from the other primary forms. 
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Crystals are generally more or Ipss cleaveable, that is, oapa- 
We or division by natural joints. la the primary forms, this 
tal^es place, -with more or less facility, hi planea parallel to all 
the &ces, but, in the secondary forms, cleavage generally pro- 
duces a replacement of some of the angles or edges. 

From the manner in which the -secondary forms are derived 
from the primaries, it will be seen that each primitive form has 
a series of secondaries peculiar to itself, which is Called a fyatejn 
o£ crtfstaMzaiion. There are, therefore, as many systems of 
crystalizatibn as there are prioMiry forms. 

Now all crystals must belong to one of these systems; and 
aU crystals of the ijame*substa"nce,hpwevei' different in form, it 
is found, exceplt in the case of dimorphous bodies, to be here- 
after noticed, belong to the same system. There are known 
more than six hundred forms of the crystals ot carb^npte of 
limcj but all ^may. bie^ reduced to the rhombohedron, which is 
its primary form.. 

BB&,.Is&mof'jphii7n:-^Th{a term (from lao^, equal, and fwepj, 
form,) is applied -to Sesignate- the new branch of science laid 
open by the discovery of Mitscherlich, that certain substances 
have ^e property of .^s^ummg the same crystaline form, and 
may be substitute for- each bther in combination without 
afiecting^the external characters of the compound. Thiis alum 
IB a compound of ter--sti]phate of alumina and sulphate of po- 
tassa; but the alumina, it is ^und, may be' entirely replaced by 
the peroxideof iron, and still the salt will retain the same fl^rm^ 
taste, and other properties of common alunqi. . It is generally 
of a pink tint, but often is perfectly colorless. So. alsq, ammonia 
may be made to take thie place of the potassa without changing 
the general piroperties of the' salt. Aluhiina and peroxide of 
iron are therefore; isomorph6us-,\as are also potassa and 
ammonia. 

357. Of these i^omorphbus bodies,' several distinct groups 
have been described. ' One oiF the. most instructive of these in- 
chide» the saltis of arsenic and phosphoric acid. Thus, the 
neutral phosphate and biphpsphate of soda^ have exactly the 
same form as the arseniate and biarseniate ol* soda; and phos- 
phate and biphosphate of ammonia, correspond to arseniate and 
biarseniate of amnGionla.^ Each arseniate has a corresponding 
phosphate, possessed of the same form, containinfir the same 
imoiber of equivalents of acid, alkali, and water of crystaliza- 
tion, and dinering in feet in notfjing, except that one series 
contains arsenic and the other an equivalent quantity of phos- 
phorus. 

358. Numeroiia other ^rojips of isbraorphous substances 
have bqen determined, some of which are simple and others 
compound. Two or three only can be {introduced. 
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Gold.. 
Silver; 



1. 



:.Au 

..Ag 



Magnesia ,MgO 

Protoxide of Iron. . ; FeO> 

Manganese .MnO 

Coppejr CuO 

"Cobalt... ^..CoO 
Nickel .....NiO 

Zinc. ZnO 

>. Cadmium.. .CdO 



a 

M 
«( 
M 
M 
C( 



3. * 

Sulphuric Acid SO5 

Telluric " ,. TeO, 

gelenic " *• > . . .SeO, 

Chrqmic " ^....CrOa 

Manganic ** MnO, 

Perchloric Acid. ,.: .CIO, 

Permanganic *• ....... Mn^O, 

Periodic . "........ 10,* 



359. The^ salts formed by the uplon of the several protoxides 
constituting the' second ' group witlr acids, are always iso- 
morphous when the degree of saturation and quantity of water 
of crystaiization are the same. So, acids of the third and fourth 
group combjne with bases and form isomorphous salts, when 
containing the same proportion of base and water of crystaii- 
zation. y - ' . c 

360. Compound isomorphous substances generally possess 
precisely the same atomic constitution j that 11^, they generally 
contain the samenumber of equivalents of eaqh of the elements 
of which they are composed, but this* is not -always the case. 
In the fourth groiip, above given, it will be observed, one of 
the substances contains 2 eq. of one of its ingredients united to 
7 eq,, of oxygen, while the others contain each only 1 eq. in com- 
bination with the same quantity of oxygen. 

Isomorphous substances often have many very close pomts 
of resemblance, quite independently of term; thus, they are. 
equally fusible, volatile, &c., and act towards other, reagents 
much in the same manner; but this is by no means always the 
case. Sometimes they are found- entirely dissimils^r in every 
respect except their form. ; ' '' ... _ . * 

361. Isomorpndtis substances, owing doubtless to their various points of 
resemblance, crystalize together with great readiness, and are separated from 
each other with difficulty. /^ mixture of the sulphates of the protoxides of 
copper and iron yields crystals which have- the same quantity of water of 
crystaiization, (6 equi^ralents,)' and the same form as ^reen vitriol, though 
they may contain a^. large quantity of copper. The sulphates of the pro- 
toxides of zinc and copper, of copper and magnesium, of copper and nickel, 
of zinc and manganese, and of miigncsium and manganese, crystalize to- 
gether, contain 6 equivalents of water, and have the* same form as green 
vitriol, without containing a particle of iron. These mixed salti^ may be 
crystalized over and over agaifi, without 'the ingredients being separated 
from each other, just as it is extremely difficult to purify alum from ses- 
qaioxideof iron, with which alumina is isomorphous.'. In these instances 
the isomorphous salts do not occur in definite proportions : they are not 
chemically united as double salts, but merely crystalizo together. 



V. 



36S. Dimorfkiim^-^ThiB term i»jippUed to th&t peculiarity of certain 
sobtrtapGefl, by which th&y present entirely distina cryetalizaUoQi under 
di£^rent dlretim^tances. ^ Thus sulphur is capable of yielding^ crystals 
which must be referred to two separate systems of cry8talizatioa,dep^din|f 
upon the circumstances under which the process take» place ; and carbon- 
ate of lime in calcareous *8par, and arragonitCy belong to difierent systems, 
|he formv having for its primary fbrin tii'd rbombohcdron, and the Isltar 
thie right rhombic prism. Crystals of sulphate of zinc change their form 
inerely by being gradually heated? ' • 

A substance, in its dimorphous conditions, fVequently presents a gresEt dif* 
ferenoeofl^emtcal properties as well as of form^ Thus hisulphuret'-of iron 
is dimorphotte ; and when crystalized in the form of 'Ibe cube it is very per- 
.manent^ Mistin'g entirely the action of the^air and moisture, but when in 
its right rhombic., form, it gradually absorbs oxygen ftooi the air, aiid is 
con^crtjod into sulphate of iron. 
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CHAPTER II. 
KON.METALLIC ELEMENTS 



: - w SECTION I. 

OXYChEN. 

. Symbol O) EquivalerU 8. 

363: Oxygen ^s was discovered by Priestley in 1774| and by 
Scbeele a year oi* two aftei*, without previous knowledge of 
Priestley's disteovfery. Several appellations have been given to 
it It was naLiaeddephlo^ticated air by Priestley, empyreal air 
by iScheele, and mtal air by Condorcet. The name it now 
bears, derived from the Greek words o^v;, octc^ and. ycwu^, to 
generat^ was proposed by Lavoisier^ who consfdered it ^he sole 
cause of acidify. . ' ' 

364. Oxygen ^s may W Obtained* from several sources. 
The peroxides ot maaganese, lead, and mercury, and nitrate, 
and chlorate of potassa, yield it in large quantities when they 
are exposed to a red heat; The substances commonly em- 
ployed for the purpose are per^^xide of manganese and nitrate 
and eiilorate of potajssa. From the peroxic^ of manganese it 
may be procured in two ways ; either by heating it to redness 
in a gun-barrel, or in a retort of iron or earthenware ; or by 
putting it in fine powder into a flask with about an equal 
weight of concentrated sulphuric acid, and heating the mixture 
Dy meaps of a lamp. 

. To understand the theory of '(h^se processes, it is necessary to bear in 
mind, the compoBittOli'ofthe thre6 ibtlowing oxides of manganese :->- 
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m 

ManganMse. - Oxygen, 

Protoxide 27.7 or 1 equiv. 4^ 8. .'. . sas35.7 , 

SSeBqaioxide 27.7............ +12. .. . .... =:3§.7 

Peroxide ............. 27.7 ;..... +19 ...:..., =43.7 

On -applying a red heat to the last, it parts with hal^ an equivalent of 
oLjgexu and is. Converted into the sesqnioxide. EVerji 43.7 giBioa of the 
pterozide wiU therefore lose, if qujte pore, 4 g-rains of oxygen, or nearly 12 
cnhic inches ; and one ounce V ill yield about 128 cubic inches of gas. The 
aetioB of sulphuric aeid is' different Tbtf peiu^^de losesr a whole equivalent 

Fig. 63. ^ .of oxygen, and is converted into 

the protoxidh which unites with 
thQ acid, forming a sulphate of 
the protoxide of irianganese. 
Every 43.7 graiqs of peroxide' 
must consequently yield 8 grains 
of oxyge^.ftnd 35.7 of protoxide, 
which 1^ uniting with one equiv 
alent(4(Kl) of theaeid, fbrms 75.8 
of the sulphate..- Th^ accom- 
panying figure will serve to 
illustrate the apparatus used in this process^ for preparing oxygen. 

365; Thei gas obtained firom peroxide of manganese, though 
hardly ever quite pure, owing to the presence of iron* carbonate 
of lime, and other earthy substances, is sufficiently good for 
ordinary purposes. It yields a gas of better quality, if previ- 
ously freed from carbonate of lin^e by dilute hydrochloric or 
nitric acid; but when oxygen of gr^at purity is required, it is 
better to obtain it frojn ehlora|e of potassa. For this purpose, 
the salt should be put into a^retort of green glass« or of white 
glass made without lead,^and be heated nearly to redness. It 
first becomes. liquid, though quite free .from .water, and. then, on 
increase of heat, is wholly resblved into pure oxygen gas, 
which escapes with effervescence, and into a white comppund, 
called chloride of potassium, whrch is left' in the retort. 

The following formula.clearly explains the changes that < take 
{dace, KO, C105=KCl+60. It will thus be seen that the oxygen 
is derived in part from the potassa, but chiefly from the. chloric 
acid. From 122;57 grain£rx)f the sait,48 grs. or about 161 .cubic 
inches of pure oxygeii may be obtainea.. ^ .. 

The best method to obtain it for ordinary purposesf is to 
heat to redness nitrate of potas^ in an iron bottle. The 9alt 
first becomes liquid, and is then gradually .decomposed, yield- 
ing at first very pure oxygen, especially if the heat is not per- 
mitted to rise too rapidly. The very first portions that .come 
over should be rejected as being usually mixed .With atmo- 
spheric air and carbonic acid derived from ^[jombustible matter 
contained in the salt ; and if at any time the gas should begin 
to form too rapidly, the heat must be instantly checked, as 
binoxide of nitrogen and other. gases are beginning ta pass 
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over, and will render the oxygen unfit for use, Amercuiy 
Uask with a gun-^barrel screwed into it for a neck answers ad- 
mirably weH for this purpose ; or for colleeting small quantities 
of the gas, a giin-barrel alone is sufficient. . . 

-'The changes that occur by this process are illustrated by 
the following formula: KO,N05=KO,N03+ 80. . 

366. Oxygen gas is ^colorless, has neither taste ner imell, is 
not chemically affected by the imponderable^, refracts light 
very feebly, and is a non-conductor of electricity.' It is the 
most perfect negative electric that wie possess, always appear- 
ing at the positive electrode when ai\y compound, which con- 
tains it is electrolized.* It emi1;s lights as well as heat, when 
suddenly and forcibly compressed; but this is solely owing to 
the combustion of the oil with which the compressing tube is 
lubricated. 

Oxygen gas is' heavier than atmospheric air, but its exact 
specific gravity seems not to be fully settled. Adopting IJO 
as its correct specific gravity, 100 cubic- inches, when the 
thermometer is at 60^ and the barometer stands at 30 inches, 
would weigh 34.19^&ins. 

367. Pxygen gas is. very sparingly absorbed by water, 400 
cubic inches of that liquid dissolving only 3 or 4 of the gas. It 
is neither acid^ nor alkaline; nor doe£r it evihce a disposition to 
unite directly either ^th acids or alkalies. It has a very pow- 
erful attraction for most sin^ple substances ; and there is not 
one of them With which it may hot be made to combine. The 
act of con^bihing with oxygen is ca^ed oj^cla^ton, and bodieii 
which have united ,with it are said to be oxidized. The com- 
pounds so fornied are divided by chemists into acids and 
oxides. The former division indudes those compounds which 

Eossess the genera) properties of acids; and the latter compre- 
ends those which not only want that character, but of which 
many are' highly alkaline, and yield salts by uniting with the 
acid$. The phenomena of oxydaHon are varia,ble. It is some- 
times' produced with great rapidity, and with evolution of heat 
and light Ordinary combustion, for instance, is nothing more 
than rapid oxydaticfn ; and all-infiammable or combustible sub- 
stahc^Tleilve their power of burning in the bpen air from their 
affinity for oxygen.. On other occasions it takes place slowly, 
and without any appearance either of heat or light, as is ex- 
emplified b^ the rusting of iron when exposed to a moist atmo- 
sphere. Different as these. processes may appear, pxydation is 
tne result of both ; and both depend on the same circumstances, 
namely, the presence of oxygen 4n tfte atmosphere. 

368. AH substances that are capable of burning in the open 
air, burn with far greater brilliancy in oxygen gas. A piece of 
wood, on* which the least -spark of light is visible, bXirsts into 
flame the moment, it is put into a jar of oyygen ; lighted char- 
coal emiU beautifiil scintiJlations ; and phosphorus bums with 
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SO poverfhl and dazzding a light that ^he ejre caimot bear its 
impression. <£ivea irdn'aiid steely which' ai^ xiot eommonly 
ranked among the ioAammabl^s, undergo rapi4 combustion in 
oxygen gas. 

The comtmstion of iFoa and steel is tfSsded by 
introdacin^ it in theibrmaf ^ure or tiiia. slips loto 
« Tessql or the gmi, as shown in fig^ur^ 64.- The 
oombttstien - is coaunencej by' attachW to "the 
lower extremity a piece of spunk oe oth^r .com- 
bost^ble, wluch is. ignited the moment it ^ intro> 
duoed into; the gas. . 

369. The changes that accompanv these 
phenomena are no ]es$ remarkabfe than 
the phenomejaa themselves." When^a light- 
ed t^per'is put into a viessel .of oxygen gas, 
it burivs for a^while with increased splen- 
dor ; but the siz^ of the flame soon begins 
to dimmish, and 0" the mouth of the jar be 
closed, the light witl.in a short time disap- 
pear entirely. T|ie gas has-now lost its 
characteristic property ; for a second lighted taper, immersed 
in it, is instantly extinguished. This result is general . The 
burning of one body in a given propbrtion of oxygen, unfits it 
more- or less completely for supporting the,«combUstion of' 
another ; jand the'reason is manifest. Combustion is produced 
by the combination of inflammable matter with oxygen. The 
qu^tity of free oxygen, therefore, diminishes during the pro- 
cess, axid->is at length nearly or quite exhausted. The burning 
of all bodies, however inflammable, must tlien cease, because 
the presence of oxygen is neteesisary.to its continuance. For 
this reason oxygen gas is called a supporter c^ combustion. 
The oxygen oiteii losses 4ts gaseous form as well as its other 
properties. . If phosphorus or iron be burned In a* jar of pure 
oxygen over water or mercury, the disappearance of the gas 
becomes obvious by the ascent of the liquid, whiclx is forced up 
by the pressure of the atmosphere, 'and fills the vessel, Some^ 
times, On the contrary,, the -oxygen gas "Suffers diminution of 
volumer* only, or it may even undergo' no change of bulk at all, 
as is exemplified by the combustion .of the diamond. 

376. The chants .experienced . by the burning body are 
equally striking. While the oxygen loses its power of suppoi^ 
ing combustion, the inflammable substance lays aside its com- 
bustibility. It is then ah oxydized body, and cannot be made 
to burn even by aid of the purest oxygen gas. -it has also in- 
creased in weight. It is an error to suppose that bodies lose. 
an3rthing while they burn. The materials 6f our fires aifd 
candles do indeed disappear, but they are not destroyed. . Al- 
though they .fly off* in the gaseous form, and are commonly 
lost to us, it is not difficult to collect and preserve all the pro* 
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oucts of combustion. Wh«i this isi done with the required 
care, the combustible matter is always foiind to weigh more 
after .than before combustion, and the increase in weight is 
exactly equal to the quantity of oxy;gen which has disappeared 
during the process.. - , - - 

371. Oxygen gas is necessary to respiration. No animal can 
live in an atm\>sphere which does not contain a certain portion 
of uncombined oxygen ; for an aiiimal. soon, dies -if put ii\to a 

- portion of .air from which' the Oxygen has been previpusly re- 
moved by- a burning body. It may, therefpre, be anticipated 
that oxygen is consumed during respiration. If a bird be con- 

. fined in a limited quantiiby of atmospheric air, it will at first feel 
no incoavenience ; but as 9 portion of oscygen is withdrawn at 
«ach inspiration, its.quantity diminishes rapidly, so tliat respira- 
tion soon becomes laborious, and in a short tiine .ceases alto- 

' gether. Should another bird be then introduced into the same 
air, it wilf .dia in the coprse' of a ^ew i^econds ; or if a lighted 
candle l)e immersed, in it,4ts.fiame will be exti.ngui^ed. Re- 
spiration and combustion have, therefore,^ the same e^ct.- An 
animal cannot livein aii^atmosphere which is unable to support 
combustion'; nor, in general, can a candle burn in air which 
contains top. little ^xygen for respiration^ .. 

372. Though oxyg&a^ la necessary ta respiration, in a state of 
purity k is deleterious. When an animal, as a rabbit for ex- 
ample, is supplied with an atmosphere of pure oxygen gas, no 
inconvenience is at first perceived; but after the interval of an 
bour or more,, the circulation and respiration become very 
rapid, and the sys^temin general is highly excited. Symptoms 
of debility subsequently ensue, followed by insensibility; an4 
death occurs in six, teri, 6r twelve hours. On examination 
after deaths the. blood ia foun^ highly fiorid in every part of the 
body, and the heart ^cts st'rongly even after the breathing has 
ceased. . , _ ' * 

THEORY OP COM.BUSTION. 

373. The only phenomena of combustion noticed by art ordi- 
nary observer, are the.destruction of the burning body, and the 
development of heat and light ; but it has been demonstrated 
that in addition to these circumstances, oxygen gas invariably 
disappears, and aliew compound, consisting of oxygen and the 
combustible, is generated, the term combustion, therefore, in 
Its common signification, implies the rapid union of oxygen gas 
and combustible matter, accomJDanied with heat and light 

But numerous other cases of chemical action are attended 
with the evolution of light and heat. . Thus a burning taper 
intrQduced into an atmosphere of chlorine, continues to burn 
a short, time, ^ttd phosphorus and «ev«r,al of the metals take 
fire in it spontaneously. Several of the metals in the state of. 
fine wire 6r thin leaf burn readily in vapor of sulphur. There 
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being, therefore, no reftdon why jbl distinction should be made 
between l^ese different cases of chemicals cotftbination, com- 
bustion can be considered as only intense ^'chemical action 
attended \^ the evolution of light and heat .. . 

374. For many years prior to the discovery of oxygen ^as, 
the phenomena of combustion were explain^ on the StahTian 
or phlogistic hypothesis. All combustible b^ies, according to 
Stahl, contain a-oertain principle which he caBed phloeigion, to 
the -presence of which he ascribed their .combustibility. He 
supposed that when a body burns, phlo^sr^on escapes from it; 
and that when the body has lost phlogiston, it ceases to be com- 
bustible, and is then adephlo^stioated oi^ incombustible 'sub- < 
stance. A metallic. oxide was consequently regarded as a 
sfrnple substance,* and the metal itself as £t compound, of its 
oxide with phlogiston. *-* • - • ' . 

375. On this theory, it is evident, a metal by burning, being 
deprived of its phlogiston^ should decreiase in weight It was 
known, however, on the contrary,. long belbra tne Stahlian 
theory was relinquished, that the^. reverse of this taies pl^ce, 
and efforts were made to devise some satisfactory explanation, 
but of course without avail. 

To Lavoisier. belongs the honor of overthrowing this long- 
cherished theory, by showing in the most decisivo manner that 
ordinary coibbustion and pxydation are essf^nUally the same 
thing, consisting in the union of the oxygeAof the atmosphere 
with the combustible body. Thus, when an iron wire is con- 
sumed in oxygen gas; the oxide of iron formed will always be 
found to weigh precisely as -much as the iron- itself, and the 
oxygen that has disappeared during the process. 

Lavoisier also attempted on his theory: to acpount for the 
evolution of light and heat du^^ combttstion, but without 
success ; and the subject at the present time seems but imper- 
fectly understood. -^ 
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Symbol Hi Equivalent 1. , • ' 

376. This gas was forinerly termed inflammable atnfrom its 
combustibilityt and phtogutoTi, from the ^supposition that it was 
the matter of heat (374) ; bbt the name hydrogen^ from v^, 
water, Bxxi vtwoHf^ to g'enerafe,. has now become* general. Its 
nature and leading properties were first pointedout in the year 
1766, by Cavendish. . 
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377. Hydroffen gas^ may be; easily procured in two ways. 
The first conMsts in .passing the vapor of water over metallic 
iron^ heated to redness. Tbis is done by putting ifx)n wire into 
a gun-barrel open at both ends, to one ^ which is attached a 
retort containing pure water, and to the other a bent tube. 
The gun-barrel is placed in a furnace, and when it has acqidred 
a full red heat, the water in the retort is .made to boil briskly. 
The gas whid^ is copiously disengaged as sioon as the. steam 
comes m contact with the globing iron, passes along th^ bent 
tube, and may be collected in* convenient veissels, by dipping 
the free extremity of the tube into the ^ater c^ a pneumatic 
trough. - . . ' 

Fig.es, ^ '- ' The arrangement of 

the )ippaniiu8 will be 
seen by figjcire 65 ; n 
is the retort containinjr 
the water, 56. furnace 
with, the gun-barrel ec, 
in which are the. iron 
turnings to he heated, 
and at the left is the re- 
ceiver to collect the gaa 
as it is formed. 

The second and most convenient method cppsists in putting 
pieces of iron or'^inc into dilute sulphuric acid, formed of one 
part of strong acid and four or five of water.. Zinc is generally 
preferred. The. hydrogen obtained ift these processes is not 
absolutely pure."*. The gas evolved during the solution of iron 
hasran offensive t)dor, as.cribed.to the presence of a volatile oil, 
which may be almost entirely reinoved. by transmitting the gas 
througl} aJcohoL The oil appears .to arise from Some com- 
pound being formed between hydrogen and the carbon which 
is always contained, ^ven in the purest" kinds of common- iron ; 
and it is. probable that a little carburetted hydrogen gas Is 
generated at the Same time. The zinc of commerce contains 
sulphur, and filntost always traces of charcoal, iii consequence 
of which it is contaminated With hydrosulphuric.acid,' and pro- 
bably- with the 3ame impurities, though in a less degree, as are 
derived fronl iron. A little'metallic zmc is also contained in it, 
apparently iii combination "with hydrogen. ^ AJl thesfe impuri- 
tiesr , cafj>uretted hydrogen excepted, may .be removed by 
passing tbe hydrogen through a. solution of pure potassa. 
To obtain hydrogen of great purity, (^stilled zinc should be 
employed. ... 

378. Hydrogen W a colorless gas,-and refracts light power- 
fully ^ and. when puro'is without odor jsr taste. It is the lightest 
body in nature, and is conseqqentlythe best material for filling 
balloons. From its extreme lightness it is difficult to ascertain 
its precise density by weighing ; because the presence of minute 
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qoaiUlties of common air or watervvapoipccatdonq^ considera- 
ble error. It is 16 times lighter than oxygen, anl inference 
derived {tam the composition of water to be BhortJy stated : 
henpe tOO cubic inches of hydrogen gaa at W an(t 30 inches 
Bar. should weigh -|'^x34. 19=2.14 grains, and that its specific 
gravity is 0.0689. -■ . 

. It is nearly 15 times lighter than atmospheric air, 140,000 
times lighter than mercury, and 220,000 times lighter than p]a- 

379. Hydrogen is neither acid nor alkaline, tt is sparingly 
absorbed by water, 100 cubic inches of that liquid dissolving 
Fig.ee. about one.and a half of the ^as. It cannot sup- 
port respiration ; for an animal soon perishes 
when confined in it. Death ensu^ &:om depriva- 
tion of oxygen rather than from any noxious 
quality of- the hydrogen, since an atmosphere 
composed of a due proportion of oxygen and 
hydrogen gases may be respired without incon- 
venience. Nor IS it a supporter ..of, ctim bo stion ; 
for wlien a lighted catidle fixed on wire is passed 
up into jin inverted Jar fiill of hydrogen ^b, the 
light instantly disappears. ' . 

360. Hydrogen gas is inflammable in an em- 
inent degree, thougfi, like other combustibles, it 
requires the aid of a supportei- of combustion. 
Thus, in the espenment above alluded to, as the 
bandle passes into the hydrogen, though it is 
^itself extinguished, thegas'is kindled, but burns 
Only sphere it is in contact with the air. Itscom- 
bustion, when conducted in this manner, goes on tranquilly, 
and is- attended with a yellowish-blue .fiame and a Very feeble 
light The [phenomena are different when the hydrogen is 
previously mixed- with a due quantity of air. The approach 
of flame not only sets fire to the gas pear it, biit the whole is 
kindled at the same instatit, and a flash of light passes through 
the mixture, followed by a violent explosion. The best pro- 
portEoii for the experiment is.two measures of Itydrogen to live 
or six of air. The explosion la far more violent when pure 
ojtygen is used instead of air, particularly when the gases are 
mixed together in the ratio of one measure oT oxygen to two 
of hydrogen. ■ . . - 

381. Oxygen an^ hydrogen gases cannot, comblneat ordi- 
nary temperatures, and may, therefore, be kept in a stale of 
mixture without even gradual combination taking place between 
them. Hydrogen may be set on iite,'when in contact with air 
or oxygen gas, by flame, by a solid body heated to bright ted- 
ness, and by the electric sparki 

S82. Spopgy platinum also produces the same efTectl nearly 
as readily as the electric spark, provided the gases are pure 
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aQd mixed in the proper proportion jQf ope measure (){ oxygen 
to two of hydrogen. This discovery wad made in 1824 by 
Doehereiner of Jepa. Spongy piatii\Um is prepared by pre,- 
cspitating the nitro-hy;drochlor4c solution platinfun^ by hydro- 
chlorate of.aihponia, and igniting the precipitate. Faraday 
has sho'wn'tbat. platinum foil» ifpetjectly cl^an, wiU produce the 
same effect. ' ' ^ 

It is by means of this spongy platinum that the hydrogen lamp -is in- 
flamed. This appari^tiis consists simply of 4wo 'gltt$a vessels, so arranged 
that by the action of dilute sulphuri^s acid upon'^a pi^ce of zinc, a quantity 
of hydrogen is genierated and preseiyed ^mtil it is needed, when a jet of it 
as it escapes is made to faU apfl!|i a piece of spongy platihum, by which it 
is ihdamed. The jet of hydrogen, as it issues into ^e air, mixing with the 
oxygen, produces the same effect^ wheit the spongy -metal is introduced 
into a vessel filled with the mixed gases. ^ 

383. AjEongular phenoHienon, which -^19 best produced by the 
flame of -hydrogen, althpugh not peculiar to' it, is the production 
of musical sounds, if an open tube, be Jield over it The jet of 
hydrogen^ if in'flained as it issues into the air, 'burns silently 
and contmuously ; but on placihg a ttibe dver it the oxygen of 
the air coming iti contact with it only from below, the name is 
changed into a succession of. little explosions of iQixe'd air and 
gas, and a distinct musical note is produced by the vibratigns 
of the air "in the tube.- ' * - ^ 

.384. A large quantity of heat is evolved during the combus- 
tion of hydrogen gas. The most intense heat that can be pro-, 
duced is caused by the/combustion of hydrogen ih oxygen 
gas. - Dr. Hare»of Philadelphia, who- first burned hydrogen for 
this purpose, collected the gases. in separate gasholders, fj*oiQ 
which a stream was made to issue through tubes communi- 
cating with each other^ jUs^ before, their termination. At this 
point Ihe jet of the mixed gases was iniamed. The effect of 
the combustion, though very great, is materially increased by 
forcing the two gases in due proportion into, a strong metSlUc 
vessel by mean^ of a condensing syringe, and setting fire to a 
jet of the mixture as it issues. In this state,, however; the 
apparatus should never be used; for as the reservoir is itself 
full of an explosive nuxture, there is great danger of the flame 
running back along the tube, and setting fire la the whole gas 
at once. To prevent the occur/enqe of such an accident, 
which would most probably prove fatstl to the operatof, several 
methods have been devised by Gumming, Wollaston, Gumey, 
and lately by Hemming, none of which is it necessary hereto 
describe, since, in a case, of such danger, they should not bet 
trusted. It was for a timis supposed, that the invention of the 
last nan&ed gentleman might be relief, upon with perfect safety, 
but a recent explosion in the laboratory of Dr. Webster, 
of Boston, while using thi^ instrument, shown the need oi 
caution. 
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A very intMiae heat may be produced by transositting a j<;t of ozygren gas 
through the flame of a spirit-lamp, or by introducing a jet of oxygen gas 
into the middle of another jet of hydrogen, or ofcarburetted hydrogen. 

Dr. Hare has recently been able, by means' of improvements inhis-ozy- 
hydrogen or compound blow-pipe, pecfec^y to iuqe 14^ ounces of platinum 
at a time.. ■ - ■ ^ 

385. It has already been remarked that hydrogen, in consequence of its 
e;[treme lightneas, is used for filling balloons, the buoyancy of which it is 
sometimes necessary to compute. This is readily ^one in the following 
manner: — If 100 cubic- inches of air weigh 31.01 graiiis (291)i the weight 
of a cubic foot wjll of course be ^35.85 grains, while the weight of an equal 
volume of hydr<>ffen (378) wiU be* foufid to be but 36.98r grains. •Now 
535,65 — 36.98 =498.8tgrs., which is the buoyimcy or adeensional force of a 
cubic foot of the pdre gas.. But from iliis we must of coqrse subtract the 
weight of the ballpon itself; and, as in practice, the hydrogen will' alwaya 
be more or less impure, due allpwance must be' made, for it in order to 
obtain the actual ascensional force. Probably in practice a cubic foot of gas 
would be.lbund to asdend, readily with about 480 grains, or one ounce troy ; 
and therefore to obtain the ascensional force of a balloon, multiply the cubic 
feet of gas it contains by 480, and divide by '7000, (the number of troy- 
grains in a pound avoirdupois,) which will give the r^uH in. avoirdupois 
pounds, from wbich subtract the weight of the balloon. .,' ; . ' ^ 

It is said, however, that coal gas, thougfh much heavier .than^hydrogen, is 
now much used -in balloons in' conseqyence 'of its being prepared cheaper, 
the ballooQ being of course made proportionally larger. . 

. H^yDROGfSN i-ND OlfYGEW. 

386. There are but two knewn^ compounds of these two sub- 
stances^ the protoxide and peroxide. ; 

^ , Hydrogen, Od^gtn* ' Mqum. v ' Symbol 

Protoxide of hydrogen or ; 

WATER • i €{qi 4" I eq,...».-'.9 ;...HO 

Peroxide ..,..,.. 1 eq. -f 2 eq . . .17 .HO3 

Protoxide of Hydrogen, or Water. — Water is the sole pro- 
duct Of the combustioh of .hydrogen gas. For this important 
fact we are.indebted /to Gayendish., He demonstrated it by 
burning- oxygen and hydrogen gases' in a dry glass vessel ; 
when a quantity of pure water was ffeneraled, exactly equal 
in weight to that of the gases which nad disappeared. This 
exj-^eriment, which is the synthetic proof of the composition of 
water, was afterwards made oh a much larger scale in Paris 
by Vauquelin, Fourcroy, and Seguin. Lavoisier first demon- 
strated- its nature analytically, bypassing a knoWn quantity of 
watery vapor over metaHic iron heated to redness in a glass 
tube. Hydrogen gas was disengaged, the metal in the tube 
was oxydized, and the weight of the fox-imer, added to the in- 
crease which the 'ircin' hAd experienced from -.combining with 
oxygen, exactly corresponded to the quantity of , water decom- 
posed. . 

387. The exact determination of the proportion in which 
these substances unite to form water, is a most impcMiant 
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i^bject in chemistry, in jcoiiseqaei\ce of the great range of the af- 
finities which they exercise. It has therefore engaged the atten- 
tion of some of the ablest experimenters ; andit hasbeen satisfac- 
torily deterinined that 100 parts of pure- water cohi^ist of 11. 1 
ofhydrogen and 88.9*of oxygen, which is the wtio of 1 to 8.009; 
or very nearly that of 1 to 8, as above stated. * 

388, The processes for proeurlng a supply of hydrogen gas 
will. now be intelligible. The first is the method by which 
Lavoisier made the analysis of water. It is founded on the 
fact that iron at a red- heat decomposes water,, the oxygen of 
that liquid uniting \7ith the metal, and the hyd)rogen gas being 
set firee.' Tha^ the hydrogen which is evolved when zinc or 
iron is put into dilute sulphuric acid must be derived from the . 
same source, is obvious from the coiinderation that, of the three 
substances, iron, sulphuric acid, and' water, the last is the only 
one which contains^ hydrogen. /Thc^ product, of the operation, 
besides hydrogen^ is sulphate of the protoxide of iron, if iron 
is used, according to theToilpWing formula: H0+S03+Fe=: 
FeO,S03-fH. . - 

Wheii zinc is used instead of iron the chemical changes that 
take place are similar,' as foUoTiri^: HO+SOg,-fZn=ZnO, SO3' 
+ H. An ounce of zinc will jdeld 676 cubic Inches. of hydrx)gen, 
and an equal quantity or iron, .780. V 

389. Water is a transparent, colorless liquid, which h^s neither 
smell nor taste. It is; a powerful refractor of light, conducts 
heat very slowly, and is an imperfect conductor of electricity. 
It is slightly cotnpressible' by pressure, its absolute diminution 
for one atmosphere being 51.3^ millicHrths of its volume. The 
relations of water, with respect to heat, are highl v important ; 
but they have already been discussed in jthe first part of the 
work, the sp^ific gravity of water is 1, the density of all 
solid and liquid bodies being referred to it as a term 6f Qoni- 
parison. One cubic inch ^t w^ and 30 inches of the barometer, 
weighs 252.458grains y so that it is '81 4- times as heavy as atmo- 
spheric air. • - .: . 

390.. Water, owing partly to the extensive range of its owa 
afllnity, and partly to the nature of its elements, is one of the 
most powerfiil agents which we possess^ The preparation of 
hydrogen gas is An example of this; and indeed there are few 
comjriex cbiui^es, where oxygen and hydrogen Are present, 
which do.tiot give rise. either to the iH^oduction or decomposi- 
tion of water. ' But,- independently of the elemeotitf of which It 
is composed, it combines directly with, many bodies. Some« 
times it is contained ia a variable ratio, as in ordinary solu- 
tions ; in other compounds it is present in a fixed definite pro- . 
portion, as is exemplified by its union with several of the acids, 
the alkalies, and all salts that contain waiter of crystalization. 
These combinations are termed hydrates^ Thus, concentrated 
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sulphuric acid is a QoiiipouDd of pne equivalent of the real acid • 
and oiie equivalent of water ; and' its proper name is hydroua 
ysulphuric addy or hydraiz 9f sulphwric add, Tbe adjunct hydro 
had been sometimes used to signify the- presence of water in 
definito proportion ; but it is advisable, to prevent mistakes, to 
limit its employment to the compounds of hydrogen. 

. 391. Tbe.pureist w^ter which can be found as ajiatura] pro- 
duct, is procured by melting freshly-fallen snow, or by receiv- 
ing rain >in clean vessels at a distance from houses. But this 
water is not absolutely pure ; for if placed under the exhausted 

' receiver of an. air-pump, or bpiied briisldy for a 'few minutes, 
bubbles of gas escape from it. The air obtained in this, way 
from snowwater is much richer in oxygen gas that atmo- 
spheric air. According to the experiments of Gay-Lussac and 

'Httmboldt, it contain^ 34.8 per c'^nt. of oxy^gen, and the air 
separated hy .ebullition from rain-water contains 32 per cent, of 
that gas. Other gases- are .absorbed by it; some' of them in 
large, quantities and with great rapidity. All water which has 
once fallen On the ground, becomes impregnated with more or 
l^ss earthy or saline matters,^ and it .can be sepcu'ated from them 
only by 'distillation. The distilled -watei> thus obtained^ and 
preserved in clearf, well-stopped' bdtUes, is absolutely pure. 
Recently boiled water h^s the phoperty of absorbing a portion 
of all gases, when its surface is in contact with them ; and the 
absorption is promoted by brisk agitation.^ 

Aq. (ftom aqua, tbcUer^) is often used as the symbol for water 
instead of the one given in the table. • 

392. Per or Binoodde of Hydrogen,— "X^^ compound was . 
liscovered by Thenard, m the year 1818. The method of 
forming it is too complicated. to be here repeated. It has been 
* obtain^ only in the liquid ibrm,^hd when most concentrated 
possesses a specific gravity of* 1.452. It is- colorless, transpa- 
rent, and without odor.' . Sometimes c£^^d oxygec^ized water. 

Though it differs from watef.only in; containing an addi- 
tional equivalent, of oxygen, it acts powerfully upon the skin, 
producing a prickling sensation, whltenihs the surface, and 
destroying the. text ure« if the application isTong continued 

If the temperature is raised as high -as 59^, it is decomposed 
and' converted into water ^nd oxygen gas; a sudden Ovation 
of temperature even cavEbes an explosion. It .is also decern- • 
posed by the action of nearly all the metals,* and.maily of the 
metallic oxides. Diluted with water or mixed with some acid, 
it is less liable to decomposition than when pure. 
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\ SECTION IIL . 

2*^ITR06£N. 1 

"' Symbol N; Squivalent 14.15: 

393. The existence of nitrogen gas, as distinct from every 
ther gaseous sui^stance, appears to liave bee(i first noticediii 
he year 1772, by Rutiieiford, of Edinburgh, tavoisier dis- 
covered in; 1775 that it is a constituent part o£the atmosphere; 
and the same discovery was made isoon aflef, or about the same 
time, by Scheele. JLavoisier calljsd it azote, (from a, privative, 
and fcofly, tife^y because it is linable to st^)port the respiration of 
animals ; but the teriii riitrogen has been since applied to it^ 
from the circiMiistance of its beiiig an ingredient of nitric acid. 

' Pig. 67. . . -^394, Nitrogen is most ccJnveniently prepared 
tJy burning a piece pt phosphorus iii a jar full 
'of «ur, inverted over water. The* strong af- 
finity of phosphorus for oxygen, enables it to 
. buri^ till the wholfe <>f that gias is consumed. 
The product of the combustion, phbspho- 
fic acid, is at firist diffused through the resi- 
due- in ' the ferov jof a white cloud ; but as 
this substance is. rapidly absorbed by water, it 
disappears entirely in the CQurs§rof half an hour./ The residual 
gas is nitrogen^ containing a ^maU quantity of capbonic acid 
and vapor of phosphoruis, both of which may be removed by 
agitating it briskly with, a solution *of -pure potassa. Several 
other substanci^s may. be employed for withdrawing oxygen 
from atmospheric. -air. A ! solution oC protosulphate of iron,' 
charged with binoxide ^f nitrogeni absorbs the^oxygen in the ' 
space of a few minutes. A-i^icK. of phosphorus produces the 
same etfept in. twenty-foulr hours, if exposed to a temperature 
of 60^. : -A solution' of sulphuret c^«p6tas%ium or calcium acts 
in a similar rtianner; indeed, any substance that will sdTve to 
absorb oxygen- rapidly. It is. sometimes found in theivater of 
mineral springs, a^ at Lebanon, IVew York. - 
. 395. Pure nitrogen is a colorless gas, wholly devoid of smell 
and taste. It do^s not change the blue color of vegetables, and 
is distinguished from other gasiBs more -by negative eharactefs 
than by any striking quality. It is not a supporter 5f corabus-- 
tion ; but? on the contrary, extinguishes all burning bodies that 
are imm'ersed in it. No anifl^al can li^e in it ; but yet it exerts 
no injurious action either on the lungs or on the system a*" 
large, the privation of oxygen gas being the sole 'cause of 
oeath. It is not inflammable Hke hydrogen; though, under 
fovorable circumstances^ it may be made to unite, with oxygen 

14 
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Water, when deprived of air by ebullition, takes'up about one 
and a half per; pent/ of it. 

Its specific gravity is about 0.97 ; 100 qubic incSies Weighing 
about 30.16 grains. ^ » ^ • ' 

396. Some doubt has existed with jregard to the naturie of 
nitrogen; several chemists, among whoip is. Befzeiius, eon 
sideriBg it a compouh'd body: but there seems to bp no suffi 
cient reason foi: this opinio|l. We therefore rank* it aihong the 
elementary substances. 

iriTROaiEN AND OZTO'^.N. 

397. The compounds of nitrogen and oxygen are five, exclu- 
sive of atmosphpric air, concerning which writers do Qpt yet 
entirely agree, whether to consider it a <:;hejiiical compound, or 
only a mixtu^-e of those gases. ' 

By volume. By weighL 
. f9iL Oxy, • iVtI. 'Qxy. Equie, Symbol^. 

Nitrous oxide . . ..... 100+ 50Ul etj.+ i eq,— 22.15^NO 

Nitric oxide \... 160+100— leq.-f 2 eq,— 30.15— NO^ 

Hyponitrous acid. . . • 100+ 150-r*l eq.+3.eq. — 38.15— NO3 

Nitrous acid 100+200—1 eq.+4 eq.-:-46.l5— NO4 

Nitric acid 100+250—1 eq.+S eq.— 5415— NO5 

Atmospheric .air ..... 400+100^2 eq.+.l eq. 

-THE ATMOSPHERE. 

398. The earth is everywhere surrounded by a mass of 
gaseous matter called th^ atmosphere, which is preserved. at 
its. surface by thcforce of gravity, ;and revolves together with 
it aroun'd~the sun. It is cblorle^ss and invisible, excites. neither 
taste nor smell yrhen pure, and is not sensible to the touch 
unless when it is in motion. It possesses the physical proper- 
ties of elastic fluids in a high degree. Its specific gravity is 
unity, being the standai'd with which the de|isity of all gaseous 
substances is compared. It is 814 times lighter than water, and 
nearly 11065 times lighter 'than mercury. "The knowledge of 
its exdct weight is^ ah elssential element in many physical and 
chemical researches, and has been lately determined with very 
great care by Prout. According" te his observations 100 cubic 
inches of pure and dry attaospheric air, at 60° and 30 B., weigh 
31.01 grains (291). ' . 

399. The pressure of the atmosphere was first noticed eariy 
in the 17th century by Galileo, and was afterwards demon- 
strated- by his pupil Torricelli, to whom science isindebted fer 
the invention of the barometer. It^ pressure at the level of the 
sea is equal to a weight of about 15 pounds on every square 
inch of surface, and is capable of supporting a column of water 
34 feet high, and on«§» of mercury of 30 inches ; that is, a column 
of mercury 1 inch square and 30 inches lo;3g has the same 
weight (nearly 15 pounds) as a column of water of: equal base 
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and 34 feet Jong, arid as a column of air of equal base reaching 
from the level 'of the sea to the extreme limit of the atmosphere. 
By the use of the barometer it was discovered that the atmo- 
spheric "pressure is variable. It varies according to the el^'va- 
tion above the level of the sea, and on this principle the height 
of mountfiihs iisi estimated. Supposing* the density of the atmo- 
sphere tb.be uniform, a fall pf one inch in the tiarpmeter would 
correspond to" 11065 inches, or 922 feet ^f air;, but in order to^ 
make the calculation with accuracy, allowance must be made 
for the increasing rarity of the. air, and for various other cir- 
cinhstajices which are detailed in works on meteorology. From 
causes at present not understood, the pres&ur(5 taries likewise 
at the same, place. On this depends -the indications of the 
barometer as a weather-glass ; for observation has fully proved 
that the weather is commonly fair and calm' whea the baro- 
meter is high, and usually wet and stormy when the mercury 
fatts/ : * ' ;,. • - 

400. Atmospheric air is highly comfpreasibie and elastic, so 
that its particles admit of being apprQ^imated to a great extent 
by compression, and expand to an extreme degree of rarity 
when the tendency of its particjes to separate Is riot restrained 
by external fprce.- 'fhe volume of air and all other' gaseous 
fluids, so long as they retain, the elastic state^ is inversely as 
the pressure to which they are exposed* Tljus a- p>ortion .of air 
which occupies UOO measures .when compressed by a force of 
one pound, wUl be diminished to 50 nieasures when tiiq^ pres- 
sure Is doubled, and will -expand to 200 measures when the 
compression is equal to half a poUnd. Bat those gases which 
are susceptible of condenWion by pressure into .the liquid 
form,- as tne pressure slpproaches this pointy vary from the 
law, the volume diminishing more^apidl;^ than this would 

indicate. - ^ . \ 

■ ■ * *■ , " .^ - . - 

401. The itmospjiere is riot of equal density in all its parts. 
• TJiis is obvious from the consideratioiji that those portions 

which are next- the (^arfh sustain the whole pressure of the 
atmosphere, while the higher strata bear only a part. The 
atmospheric column diminishes in length as the ^distance from 
the earth's siirfacie increases:; arid, consequently, the greater 
the elevation' the lighter must be the air. The height to which 
the atmospheYe extends is not known ^with certainty, biit from 
calculations founded on the phenomeoa of^ refraction it is sup- 
posed to be about 45 miles. ' If It was throughout its whole 
extent as dense as at the surfap^ of the earth, its height would 
be about 5 miles.. > . ' .^ 

402( By numei'qus astronomical obsiervations^ it is ascertained .that the 
atmosphere is limited to the earth, or if not absolutely Irmited to the earth, 
^at the atmospheres existingr around other planets of the solar systsm, and 
especially Jupiter, are very miich less than they would be, was the nlatter 
of the atmosphere distributed ambn^ the different bodies of the system in 
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the ratio of their several attrsctions. Bui such a distribution as thj{i moat 
take place, w^is the matter of the .atmosphere infinitely divisible, and there- 
fore capable of unHmiteif expansion, which is thus rendered highly impro* 
liable, if indeed it. is' not absolutely disprWed ; thu» a0brding an unex- 
pected argument agiilnst the infinite divisibility of inatter. . 

403. In order to account for the fact of the atmosphere .being confined to 
the earth, it is only necessary to suppose it to be composed of ultimate par- 
ticles or atoms incapable of fiirther division ; as,- in thitf case, afler attaining 
a certain degree of rarefaction, its elasticity must necessatily become so 
feeble that the ten^6ncy*bf. its particles to sepacite fiirther will be counter- 
acted by their own gravity. The unknown height at which this equilibrium 
takes place between th6 two fijrces o$ ela8.tiiiity and jgtavitalion^'is the 
extreme limit of the atmodpfaere* .' - - ^ 

. The loss of elasticity may be asGrxbed^.to two po^erAil and concurring 
causes ; namely,.to the distance between the psirtides 6f airiwhen highly 
rarefied, and to the exjtrcme cold which 4>revails in the higher strata of tlie 
atmosphere. • ' . , ' .• ' 

, 404. The best method to. determine the relative quantity of 
oxygen- in the atmosphere, is to detonate it witlrpure.hydjrpgen, 
two measures of. yhich' will -of coursj& require precisely one 
measure of oxygen for its combustion, Aii instrument for this 
plirp'ose (of wbich^ there are several varieties) is called a Eu- 
diometer. By this instrument, thoiigh therje is some difference 
In the results obtained by -different experinj<enters, it: is very 
satisfactorily determined that pure atmospheric air is composed 
of nitrogen, aboiit 79.34 per cent.,tind oxygen ^.66, by volume, 
' or 28.3 nitrogen to 8 of oxygen, by weight. , 

405: It has been supposed that this ratio is ever perfectly uni- 
form, whatever may Jiave been the sources from which the 
constituent gases have been'Seriired; but some recent experi- 
ments.aeem to indicate that the proportion of oxygen is greater 
in low latitudes, and near' the. surface, than near the poles or in 
very elevated regions, though the difference is but small; ■ 

406. Such is the constitution . of pure atmospheric air. ' But 
the atmosphere is never absolutely pure ; for it always contains 
a certain variable quantity of carbonic acid and watery vaipor, 
besides the odoriferous mattef of flowers' arid other volatile 
substances, whieh are also frequently present. The proportion 
of carbonic acid 1s..greater in summer than in winter; aind from 
observations made during spring, summer, knd autumn, in the 
open fields and in calni weather, its prcfportion is inferred to 
be always greater at night than in th^ day, and to be more 
abundant in gloomy than in bright weather. - A' very moist 
state of the ground, as after much rain, diminishes tfte quantity 
of carbonic acid, apparently by direct absorption, . It is rather 
more abundant in elevated situations^ as on the summits of high 
mountains, than in the plains; l^ut its -quantity is there nearly 
the same in day and night, m wet and dry weather, because 
the higher strata of the air are l^ss influenced by vegetation 
and the state of the soil. It h£is been found that 10,000 parte 
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of the air contairi-4.9bf carbonic acid as a Qie&n, 6.^2 as a max- 
imum, and 3.7 as a minimum. 

407. The chief cl?emical properties of the atmosphere, are 
owing to tlie presence of oxygea gas. Air, from whiqh this 
principle has been withdrawn, is nearly inert. . ft can no longer 
support respiratipn aild combustion, an^d metals are not 
oxydized by being heated in it. Most of the spontaneous 
changes which mineral and dead organized matters undergo, 
are owing to the powerful affinities^ of Oxygen. The uses of 
the nitrogen are in a great measure unknown. It has been sup- 
posed to act as a mete diluerit td the oxygen^ but it most pro- 
bably serves some useful purpose in the economy, of animals, 
the exact nature of which has not been discovered.- - 

408. The question has been nmi?b discossed wlietber. the oxygen and ni- 
trogen gases of the atmosphere are simply intermixed^ or chemically com. 
bined with each other. Appearances are {i} first yiew greatly in faver of 
the latter opinion. ' ; ' ' 

The two gases, nitrogen ind oxygen, are always found to ^xi6t in* the air 
in the same, or nearly the /same ratio, which is by volume nearly as 4 of 
nitrogen to.l of oxygen, or by weight (as we have just seeA), as 28.3 pf 
nitrogen tci 8 of. oxygen ; atid to this may be added that they are always 
equaUy, or very nearly «qqally diffused. ^ut,on the other hand, atmospheric 
air i's soprectsely like a sitaple nuxture of the two gase^ in all its proper- 
tions, the gases suffering no change, as would be expected did they combine 
chemical.y, it is now generally believed it is merely a pnisture. , 
Pig. 08. 409. It has been supposed Ihat If they are merely in a state^ of 
mixture, oxygen b^ing the most dense jought tp settle towards the 
surfaise of the' earth, but it isfoui^dby experiment that gases, what- 
ever, may be their relative density when brbi^ht in contact, mix unu 
, fbrmly with each other. Thus, if two bottles, a and «, figure 68, are 
each filled with a gaa; the most dense being in the lower, and are 
then made to communicate together by means of the facets h and 
c, atid connecting tube ^, the two gades will gradually diffuse 
themselves equally through th^ whole space. The mixture of 
the gases will even take place through their membranes, whether 
animal or vegetable ; the le^t dense of the gases passing mifch 
the most rapidly, • " ' } 

410. There is still one circumstance for consideration respect- 
ing the atmosphere. Since oxygen is necessary to combu8tion,.to 
the respiration of animals, and to various other natural oporations, 
by all of whi<$h that gas is withdra^n^n from the air, it is obvious, 
thai its quantity would gradually diminish, unless the tendency 
' qif those causes were countfsracted by. some compensating process. 
To all appearance tbere does exist som€ source of tJompensation ; fbr che- 
mists have not hitherto noticed any 'change' in the constitution ofthe atmo- 
sphere. The only source by which oxygen is known to be supplied, is the 
action 'df growing vegetables. A healthy plant absorbs carbonic, acid during 
the day, appropriates the carbonaceous part of that gas to its own wants, 
and evolves the oxygen with which.it was combined, paring the night, 
indeed, an opposite effect is produced. Oxygen gas then disappears, and 
carbonic acid is eliminated ; but during 24 hours they yield more oxygen 
than' they consume. Whether living vegetables make a full compensation 
14* 
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for the. oxygen removed ^Gvmtbe air 'by the proeessee above. mentioDed is 
uncertain. From the great extent of the Atbto^phere, and the continaal 
agitation to which its different parts are subject by the action -of winds, (he 
effects of any deteriorating process would be very gradual, and a change in 
the proportion of its elenients could be perceived, only by observations niade 
at very distant intervals. ; ' 

It has- been estimated thai tli^eloss of oxygen Employed in respiration and 
combination, during 100 years, would not amount fo 'tj-}-^ "of the Whole 
quantity in the afmospb6re. 

411. Protoxide of ffitrogen, — This gas was discovered by 
Priestley, who gave it the lidixne of diphlogiBticated nitrous air, 
Da,vy called it nitrous oxide. Thje most convenient method of 
procuring it is by means of nitrate of ammonia..^ This sale is 
prepared by neutralising with' carbonate of ammonia, pure 
nitric acid, diluted witji about three parts of water, and con- 
centrating by evaporation Until a dfop of the liquid let Tall on a, 
cold plate becomes a firm mass, adding a little ammonia to- 
wards the close to insure neutrality. >The salt after cooling is 
broken to pieces, introduced into a r6tort, and heated. by a lamp 
or pan of charcoal :. at first, below 400^, fiisionjensues ; and as 
the heat rli^es. to 4@0P or 500^, rapid, decqmpositlbn sets in« 
which continues, until all jthe salt disappeiars. If a white doiid 
appears within the retort, due to some of the salt subliming 
undecomposdd, the heat shoCdd be checked, - : 

412. The sole products of this operation, when carefully con- 
ducted, ate water and protoxide of ntrogeh, both the nitric 
acid and the amn^oHia' being entirely de'coniposed. The 
nature of the change, which is produced simply by heating 
the salt, will be readily understood from the rollowing for- 
mula: NO5, NH3=2NOf3HO- Every atom of- nitrate of 
ammonia yields two atoms of. the protoxide and three atoms of 
wateR . . -. \ : - -. 

413. Protoxide of nitrogen" is a colorless gas, with a sweetish 
taste and smell. Recently bdile^ water which has cooled without 
exposure to the air, absorbs nearly its own bulkof it gt 60^ and 
gives it out again unchanged by boiling. ^The solution, like 
the gas itself, has a faint, agreeable odor, and sweet taste. The 
action of water upon itSfords a ready means of testing its 
purity '; removing it readily from all other gases, such as oxygen^ 
and nitrogen, which are sparingly absorbed by that liquid. 
For the same reason it cannot be preserved over cold water; 
but should be collected either overshot water or Inercury, or 
water saturated with common salt • ' 

Protoxide of nitrogen i§ >a suf^'orter of combustion. Most 
substances 'bum in it ^ith far greater energy th,ah in the atmo- 
sphere. When a recently extinguished candle with a very red 
wick is introduced into it, the flame is instantly restored — * 
Phosphorus, if previously kindled, burns in 4t with great bril- 
liancy, but may even be sublimed in it without ehange if it has 
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not previously been United. Ir<Hi wire may>also be made to 
burn in it fbt a fewTninutes, but npt so read^y as ill pure oxy- 
gen. "With an equal bulk of hydrogen it forms a mixture 
which explodes violently by' the dectrio spark or by flame. In 
all these cases, the product of the combustion -is the^same as 
when oxygen gas or atmospheric air is used. The protoxide is 
tlecOraposed ; the combustible matter unites with its oxygen, 
and the nitrogen is set free. . - ' ^ 

As 100 cubic inches of this gas weigh 47.22 grains, its specific 
gravity must be about 1.52. 

414. Davy di^overed that protoxide of nitrogen may- be 
taken into the lungs with safety, and that it supports respira- 
tion for a few minutes. Its -action on the system, when in- 
spired, is very remarkable. A 4ew deep ins^rattons are fol- 
lowed by the most agreeable feelings of excitement, similar t^o 
the earlier stagfes of intoxication. . -This is «horwn by a strong 
propensity to laughter, by a rapid flow of vivid ideas, and an 
uquBual disposition to muscular exertion. These feelings, how- 
ever, soon^ subside ;'ahd the person retiurne tp his usual state 
without experiencing the languor. or depression which so uni- 
versally follows intoxication ifrom spiritupuS Ikfuors. Its effects, 
howeverr^dififere/itH^enBonsacB- various:;- and in individuals 
df a plethoric habit, it sometimes produces giddiness, headache, 
and other disagreeable syinptoms. . ^ - 

4 is. Binoxide cf Nitrogen. — Thjs gas was discovered by Dr. 
Hales. It was first carefully studied by Priestley^ wi>a called 
it nitrous air. The terms mtrous gas and nitric oxide are fre- 
quently applied to it; bn^t biiitoande of nitrogen, as indjcatiye of 
its nature, is the most suitable' appellation. . ^ 
' -It 4s best obtained by the auction of nitric acid a little diluted, 
upon metallic copper or mercury^ Brisk effervescence takes 
place, and a part of Jiie.acid is decompese^jt, each atom yielding 
3 atpn^ of oxygen to finite with the metal^ and 1 atom of the 
binoxide, the. oxide of cgppgrjhps formed.,being immediately 
taken up by another portion of the acid. From i atoms of nitric 
acid BLnd 3^of copper, there qre formed 3 atoms of. nitrate of 
copper and^I atom of binoxide of nitrogen, as is shown' by the 
following formula : 4Nr05+Ca3=3j(CuO, N05)fN6a, . 

Figr. 6^ represents a very oonve- 
nient apparatus for preparing this as 
Well as some other gasjes. • Into the 
glass, vessel ~cr put some clean pieces 
of metaIlic.copper,^and then introduce 
the cover ' through which passes a 
glass tube h, with a iunnel at top and 
extending .nearly to the bottom of the 
vessel, and a lead tube c bent >it right 
angles to coiwey away the gas as it 
in formed. Xh^ cover must fit yery 
.accurately, in ordei to prevent the 
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escape of the gas, which is rapidly formed as soon as a little dilute nitric 
acid is introduced bj^the funnel and tube 6'.^ It may be.cdlcotcd over* 
Water. ' . 

416." Binoxide of iiitr6gen is a colorless , gas, but its. taste 
and odor cannot be determined. When mixed with atmo- 
spheric air,- or 'dpy gaseous mixture that contains oxygen in an 
uncombined state, dense, suffocating, acid vapors,, of a red or 
orange color, are produced, called nitnyus add vapors.; which 
are copiously absorbed by water, and communicate acidity to 
it This character serves to distinguish the binoxide from 
every other substance, and' affords a -convenient test of the 
presence of free oxygen. Though it gives rise to an acid by 
combining -with oxygen, binoxide of nitrogen itself does not 
redden the blue color of Vegetables; but for thts experiment, the 
gas must be previously weil washed with water, to separate 
all traces. of nitrous acid.— WsUer absorbs about H per-cent. 
of the gas. - ' ' ' 

Very few si^bstances sire capable of burning in binojfideof 
nitrogen. Burning sulphur and a lighted candte are instantly 
extinguished by it. Charcoal and phosphorus, however, if in a 
state of vivid combustion at the moment of b^ing. immersed in 
it, burn -with increased brilliancy. The product of the com- 
bustion \s carbonic dcid 'in ^the former " case, and' phos- 
phoric acid In the latter, nitrogen being iseparated in both 
instances. . * ' ; ' 

Binoxide of nitrogen is. quite irrespif able, exciting strong 
spasm of the glottisi, as soon as ^n attempt is made to inhale it 
The experiment, however, is a dgingerous one; for if the gas 
did reach the lungs, it would there mix with atmospheric, air, 
and be converted into nitrous acid vapors, which are highly 
irritating and corrosive. 

417. From the invariable formation of red-colored acid vapors, 
whenever hinoxide of i^itrogen and oxygen are mixed together, 
these gases detect the presence of each other with great c'er- 
taintty; and since the product is wholly absorbed- by water, 
eitfier of them may be entirely removed from any gaseous 
mixture by ^ddin^ a sufficient quantity of the other. . 

The specific gravity of this gas is 1.04, 100 cubic inches 
weighing 32. IC 

418. A beautiful exp^friknent illuMrating the action of binoxide of nitrogen 
with oxygen, is io pass up a current of oxyeen slowly into a receiver filled, 
with It over water slightly colored with solution of litmus.. The oxygcVi 
combines with the binoxide, forming nitrous acid,^ which appears in dense 
orange-colored fumes, but which rapidly disappears again, the rise of the 
water in the receiver showing the absorption which is taking place, atid the 
change in the color of the litmus solution indicating the formation of nitrous 
acid 

419. Hyponitrous Acict. — This acid is formed by adding 400 measures 
of binoxide of nitrogen to lOO measures of oxygeii, both gases quite dry 
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ftnd exposing th« orange^Iored Aunes thus formed to a cold of O*^, by 
which it is condensed into a li<|aid. < . * ^ 

Hypouitrous acid do^ not -unite directly with alka,lie8, beings then resolved 
principally into nltricT acid and binoxide'of nitrogen; but the hyponitrites 
of the alkalies •and alkaline earths may be obtained by heating the corre- 
sponaing nitrates to a gentle sed heat; and the^yponitrlle of the ozid^ of 
lead is forhied by boilii^ a solution of the. liitrate. of that oxide -with metallic 
lead. 

420. Hyponitrous acid, forms with w«ter and sulphuric aci^ a crystalinft 
compound, whichr is generated m large quantity during the manufacture of 
sulphuric acid, and the production of^hich is an essential part of that pro- 
cess. It' is formed whenever mdist sulphurous acid gas and nitrous acid 
vapor are intermixed, being; instanUy de]^ited in .the ^rm of white acicular 
crystals; it may also be made by fhcf direct action, of -anhydrous nitrous 
and strong sulphuric acid. 

421. Nitrou».Acid,-^ThiB acid. is formed by mixing tojgeiher binoxide of 
nitrogen and oxygen ; but the best method' of preparing it is to heat the dry 
nitrate of lead w redness in an earthen retort, which results in^th6 produc- 
tion of oxide of lead," oxygen, and nitrous acid. , Thus, PbO, N05=PbO-{- 
O-j-NOV* On receiving the oxygen and nitrous- acid in a dry glass vessel 
surrounded by snow and-saft, the ajcid. is condensed to a liquid, while the 
oxygen, as a matter of course, escapes. 

The liquid as thus obtained is anhydrous; i» acid and pungent to the 
taSte, gives a yellow stain to the skln,'atid is pbwerfdlly corrosive, ^t com- 
mon temperatures its color is an orange-red ;- but > it becomes yellow when 
cooled belcM7 32^, and at 0^ is nearly colorless.^- Its density is 1.45: It is 
ettremely volatile, boiling at .82^: in a^ stoppered bottle' it preserved its 
liquid form at common temperatures ; but when exposed to the atmosphere 
it is rapidly dissipated, forming nitrous acid vapors which, when once mixed 
- with air or other gases, require intense cold for condensation. 

In the form of vapor this acid is characterized by its orange-red color, 
acid reaction to test paper, and by being absorbed by wat^r with disengage- 
ment of binbxide of nitrogen and formation of hitric acidj It is quite irre- 
spirable, exciting great irritation and -spasm of the glottis, even when mo- 
dlerately diluted with air. A taper burns in it with' considerable brilliancy. 
It extinguishes burning sulphur ; but the combustion of phosphorus con- 
tinues in it with great vividness. ^- 

422. Nitrous acid is a powerful oxydizing agent, readily giving oxygen 
to the more oxydable metals, and to most substances which have a strong 
affinity for it - • . 

Nitrous acid when pure ik instantly decomposed by contact with water, 
being converted into nitric acid and binoxide of nitrogen, according to the 
following formuU: 3N04=2N05-tNO«. .' 

Nitric Add, — ThiSvacid may be formed by passing a succes- 
sion of powerful electric sparks through a mixture of oxygen 
and nitrogen confined in a glass tuSe over mercury, a little 
water being .present 

Nitric acid cannot exist in aii insulated state. Binoxide of 

^ nitrogen and oxygen gases never form nitric acid if mixed 

together when quite dry ; and nitrous acid vapor may be kept 

in contact with oxygen gias without change, provided no water 

is present. The most j»imple form under which chemists have 
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hitherto procured nitric acid is in solution with water ; a liquid 
which', in its concentrated state, is the nitric acifl of the~Phar- 
macop^eia. By manufacturers it is better knowji by the name 
■ of aqua forlit. 

423. The nitric acid of commerce is produced by decomposing 
some salt of nitric acid by means of oil of' vitriol; and common 
nitre, &s tt>e cheapest of the nitrates, is em[Joyed-fOr the pur. 
pose. This salt, previously well dried.is.put. into a glass retort, 
and an equal weight of the strongest oil of vitriol is poured 
upon it. On applying heart, ebullition ensues, owing to the 
escape of nitric acid vapors, which must be collected in a cool 
receiver. The heat ahouTd be steadily increased during the 
operation, and continued as long as any acid vapors come 

' KfrTO- 484. The ipparUns re- 

presented io. figure 70, 
onswerB well for prepar. 
iii{f Lbia ncid. A gUw 
retort A, coDtsining the 
pitiale of potaen and an 
«qnal neigbt'ofaulphiiric 
acid,, is placed in a sand 
batb in a furnace. An 
the nitric acid is sepa- 
I'ated it digliti otct iDta 
the' receiTer B, (There it 
ia condenwd. To lender 
the condensatioo more 
complete, the receiver is 

aacroundcd nith a net-work, and water froip a pipe i falls constantlj upon 

it, and escapes by the troughs OC and dt. 

425. The acid thus formed is always more or less colored by 
the nitrous acid, which is produced by the decomposition of s 
small portion of the nitric- as it quits the potassa; for at the 
commencement and clg^ of the operation, nitrous acid fiimea 
are disengaged, which communicate a straw-yellow or an 
orange-red tmt, according to their quantity. If averypale acid 
is required, two receivers should be used ; one for condenririg 
the colorless vapors of nitric acid, and another for the colored 
products. The colored acid is often called nitrous acid; but it 
is tn leality a mixture or, compound of nitric and nitrous acids, 
similar to what maj be obtained by mixing anhydrous nitrous 
with colorless nitric acid. It is easy to convertthe "common 
mixed acid into colorless nitric acid, by exposing the former to 
a gentle heat for some time, when all the nitrous acid will be 
expelled. But this process is rarely necessary, as the colored 
acid may be substituted in most cases for that which is co)or> 
less. Where *n acid of great strength is required, the former 
IS even preferable. 

Nitrate of soda being more abundant and cheaper than 
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nitrate of potassa, is -nbw generally used m the large manutad- 
tories. of nitric acid. , » 

Nitric acid frequently contains portions of • sijlDifaiirfc and hydro- 
chloric acid.^ Th^r former is derived' from the acid vmich is used in the 
process; and the latter from sea-salt, which is frequently mixed with nitre. 
These impiiritips may easily be. detected and removed. 

426. Nitrid acid possesses acid properties in an eminent degree 
Its specij&c gravity when most concentrtwted, according to Kane * 
s 1.52, and it is then a compound of 1 eq. of nitric acid and 1 
eq. of water J that is, it contains 14.29 per cent, of water. ltd 
boiling- point is 187, but it cannot be distilled without decom- 
position. • Combined with water in the ratio of 1 eq. of acid to 
ieq. of water, its sp. gr. is 1.42, ahd it boils at 248'^'. It may 
then be distilled without change. An acid 'of lower density 
than 1.42 becpmes stronger by being heated, because the water 
evaporates inbre rapidly than the add. An acid^ on the con- 
trary. Which is strotiger than 1.42, .is weakened by the appJi 
cation of heat. * v , 

. Strong nitric acid, when exposed" to the atmosphere, emits 
dense, white fumes, which are exceediq^y suffocating. Mixed 
suddenly with water jit occasions a considerable rise of tem- 
perature^; but mixed with snow, it produces cold by the rapid 
liquefaction which is occasioned. 

Tbere are tw6 vaHeties of nitric acid, known in commerce as 
single and double aqua fo-rtis, both of whidh ate much diluted 
with water ; the strongest of the double aqua fbrtis, ft is believed, 
seldom possesses a specific gravity as high as 1.40. 

Nitric' acid may be frozen by cold. The temperature at 
whidi congelation takes place varies with the strength of the 
acid. The strongest acid freezes at aboui 50^ *:^low zero. 
When diluted with* half it's weight of water, it becomes solid 
at — 1^°. I3y the addition of a little more water, its freezing 
point is lowered to — 45°.^ 

Nitric acid acts powerfully on substances which are disposed 
to unite with oxygen \ and ^ hence it is much employed by 
chemists for bringing bodies to their maximuhi of oxydation. 
Neaidy all the metals are oxydized by it; and some of them, 
such as tin, copper, and mercury, ajie attacked with great vio- 
lence.. If flung on. burning eharcoal, it increases the brilliancy 
of its combustion in a bi^ degree! Sulphur and phosphorus 
are converted into acidi? by its* action, and dry warm charcoal 
in fine powder may be ignited by it, and oil of turpentine in- 
flamed. But it is very seldom that nitric acid of sufficient 
strength for this purpose can be procured in commerce, but 
the experimenter will be under the necessity of preparing it 
for hims^» in, which he will find no difficulty. 

427. There are some singular anomalies in the action -of 
nitric acid on the metals, the causes of which are not fully un- 
derstood. When its'specific gravity is 1.48, it may be brought 
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in contact with tin or iron, without acting upon them in the 
lefist, but if made a little strmger or weaker the action. is vio- 
lent ; and the inactive .acid may be rendered active by various 
means, as by simply touching the immersed metal with a dif" 
ferent one. 

428. Nitric, acid d^com^oses aU vegetable substanfces.. In 
general the oxygen of the nitric acid enters into direct combi- 
nation with the hydrogen and Carhop of those compounds, 
forming water with the former, and carbonic acid with tho 
latter. This'happens remarkably in those compounds in which 
hydrogen and carbon are predominant,- as in alcohol and the 
oils. It Effects the decomposition of animal matters also. . The 
cuticle and nails receive a permanent yellow stain when touched 
with it ; and if applied to the skin in sufficient quantity, it acts 
as a powerful cautery, .destroying the organization of the part 
entirely. . " . . ^.. 

429. 6o]d*]eaf answers Well in most cased as a test for nitric 
acid. The substance supposed to contain it is mixed with' a 
little hydrochloric acid, and the mixture,4f nitric £K;id is really 
present, should then be capable of dissolving 1the leaiL If it is 
a salt that is to be tested, it should first be dissblved in water 
and the solution treated in the same manner with hydrochloric 
acid and gold-leaf. - . 

430. A very delicate test has' been proposed, founded on the 
orange-red followed by a yellow color, which nitric acid com- 
munfcatesto morphia. The supposed nitrate is heated in a 
test-tube with a drop of sulphuric a(Md, ^nd then a crystal of 
morphia is added. It is advisable to tty the process in a sepa- 
rate tube with the sulphuric acid alone) in order to prove the 
absence of nitric acid. 

431. Nitric acid is much used in the arts for etching on cop- 
r,as a solvent for the, metals,^&c., and as a tonic ift medicine. 

n the laboratory of the chemist, it is in constant and most 
important use in a great variety of operations. 
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NITBOQfiN AND HYDROGEN* 

432. Ammonia is is the only compound of nitrogen and hy- 
drogen which has been obtained in a separate state ; but two 
others are believed to exist in combination, the composition of 
which will be seen in the following table : 

NUr, Hydfy Equiv. SyniboU, 

Hyduret of nitrogen or amide, 1 eq.-f2eq. — 16.15=NH2 or Ad 
Hyduret of amide or ammonia, req.Tf3eq. — 17.15==NH3" AdH 
Ammonium .....: 1 eq.-f-4 eq.— 18 15=NH4'"AdHa 

433. Ammonia. — This substance has been Jong" known under 
the names of hartshorn, spirUs of hartshcm, volatile oJkaB^ 
spirit of sal ammoniac^ &c. It exists in a state of purity only 
in the gaseous form, as was. first shown by Priestley. 
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> The most eonvenient method of preparing ammoniaeal gas 
for the purposes of experiment, is by applying a gentle heat 
to the concentrated solution of ammonia, contained in .a glasd 
vessel. It soon enters into' eb^ition, land a large quantity, of 
pure ammonia is dis^engaged. 

Ammont^, is aTsa produced in nearly 'all reactions in which 
nitrogea and hydrogen are brought together, one or both being 
in t he nascent state. When the^ electric spark passes through 
damp air, both ammonia and nitric acid are produced, and 
hence nitrate of am<nonia may often be detected in raia that 
fells during a thunder-storm. " 

An abundant supply of ammoniaeal gas may be obtained by 
heating, a mixture of equal parts of hydrQchrorate of ammonia 
and dry quicklime recently slakedJ , 

434, Ammonia is^ a col6rles»gas, which has a strong pungent 
odor, an<J acts powerfully von. the eyes and nose. . It is quite 
irrespirable in itst-pure form, but when diluted with air, it may 
be tal^en into the. Juhgs wttl^ safety. .Burning bodies are ex- 
tinguished by it, nor Is i^e gas inflamed by their approach. 
Ammonia, however, is inflammable in a low degree; for when 
a lighted candle, iis immersed in it j the flame is somewhat en- 
larged, and tinged of a pale yellow color at the moment of 
being extinguii»ied ;• and a small jet' of the gas will burn in an 
atmosphere of oxygen. A mixture of aminoniaical and oxygen 
gases .deton£(tes oy the electric spark; water belhg forined, and 
nitrogen set free. A little nitric acid is generated at the same 
time, except when a smaller quantity of oxygen is employed 
than is sufficient fdr combining with all the hydrogen of the 
annnonia. 

Ammoniaeal gas at the temperature of 50^ ai\d under a pres- 
sure equal to 6.5 atmospheres, becomes a transparent, colorless 
liquid. It may also be liquefied under the ordinary pressure 
of the atmosirfiere," by causing a current of it to pass into a 
smsdl receiver kept jat a very Tow temperature' by the evapcwa- 
tion of liquid sulphurous acid. , '. 

435. Ammonia*bas all the properties of an* alkali in* a very 
marked manner. Thus it has an acrid taste, and gives abrown 
stain to turmeric paper; though the yellow color soon reappears 
on exposure ^tb the air, owing to the volatOity of the alkali. It 
combines also with acids, ind neutralizes their properties com- 
pletely.. But in these cases it is now believed it is generally, 
if not always, the oxide of ammonium (432) that unites with the 
acid, aqd not the ammonia directly, as Mil be seen hereafter.. 

4^. Hydrogen and tiitrogen gases do not unite directly, and 
therefore chemists have no synthetic proof of the constitution 
of ammonia, fts composition, however, has been determined 
analytically with great exs^ctness. When a succession Of elec- 
tric sparjcs is passed * through ammoniaeal gas, it is resolved 
into its elements'; and the same effect is~ produced by con* 
15 
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ducting ammoma through porcebon tubes heated to tedness. 
Aminonia is composed of 100 vols, of nitrogen united with 300 
vols, of hydrogep, and the whole condensed to 20Q vols. The 
specifijp gravity of the gas is therefore 0.^59, and 100 cubic 
inches weigh 18.29 grs. 

In consequence .of its great affinity for water, the gas must 
always bj^ collected over mercury. If allowed to pass into 
water it is rapidly absorbed by it, aiul the solution formed 
which is commonly, thotiglTvery incorrectly, called liquid am- 
monia. During the absorption the volume of the w:ater is in 
creased and the temperature much raised, unless surrounded 
with ice. Water at 32^ may in this manper be made to absorb 
780 times its owii volume,-, and the clear colorless solution ^as 
a specific gravity of 0.87. It possesses the peculiar pungent 
odor, taste, alk^itUnity^find other properties of the giis itself On 
account of its great volatility^ it should be {^reserved in well- 
stopped bottles, a measure which is also required to prevent the 
absorption of carbonic acicL. At a teoiperature of Idio^ it enters 
into ebullition,' gwing to the rapid escape ofjpute ammonia; 
but the whole of the ^as cannot be expelled by this means, as 
at last the solution Msdf evaporates. It freezes at about the 
s&me temperature ks mercury, which is -^9*=*. 

Fifl 71. If a little of the eas is desired, in conse- 

quence of its being lighter than atmospheric 
air, it may be collected )i'uite j^ure in an in- 
verted jar filled merely with air,, as repre- 
sented in jSgure 71 . ~ As soon as it is filled, it 
must be corked tightly and removed. Its 
presence may always be detected by itp pun- 
gent od6r, and by the dense white fiimes it 
gives with hydrochloric acid gas. 
• '437. Ammonia is used extensively in the 
laboratory, of '^the chemist, and in medicine. 
Solution of anfimonia taken internally in 
considerable quantity has been known to produce death ; and 
the g^s, if inspired too Jong, is apt to produce inflammation in 
the throat and lungs. . -^ 




SECTION IV. 

CARBON* . 

Symbol C; JSqtfivalent 6.12. 



438. Carbon, though rarely met with pure and uncombined, 
is one of the most important elemepts in- nature; its various 
compounds are more generally and abundanUy distributed than 
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those of any other substance, aiid it may be said to fohii the 
basis of the whole organic creation. , . . 

439. It occurs in its barest form In the dianiond, a mineral of 
unknown origin, found usually in primitive soils. ' It is the es- 
sential principle of §very variety of charcoal-'the black mass 
left formed where most vegetable and animal substances; are 
heated to redness in close vessels. Common cWrcosQ contains 
about ;j\,th of its wdght of alkaline and earthy salts^ which con- 
stitutes th<e ashes after jts combustion. Coke is the charcoal 
from bituminous coal ; ivory black or animal charcoal is that 
from ivory or bones, iand lampblack from rosin. Very pure 
charcoal miay be prepared firom alcohol, turpentine, gum, st^ar, 
sta^'ch^ &c. 

440. Carbon, as it exists crys^i2ed in the diamond, is the 
hardest substance kno^h in nature; *£ts pirimary form is^, the 
regular octohedron. . Its specific gravity is 3.52. It resists the 
action of both acids and alkalies; and bears the most intense 
heat in close vessels without fusing or undergoing any per- 
ceptibie- change.- Heated to redness |n the open air, it is 
entirely consumed. 

Newton first suspected it to be combustible^ from its great 
refractive power ; and the fact was afterwards proved by La- 
voisier, by throwing upon it, in a receiv^er of oxygen gas, the 
focus of a powerful lens., The diamond was entirely con- 
sumed, oxygen disappeSured, and carbonic acid was generated, 
just as woi^d have jbeen the case had the same weight of 
charcoal been c6nsUined instead of the diamond. The same 
expferijcnent has sinc^. ofteii been r^eated with the same 
results. 

'^41. Charcoal, as obtained from wood, is hdrd and brittle, 
conducts beat very slowly, but as usually prepared, at a high 
temperature; is a very good conductor of electricity. If it is 
prepared by heating in close vessels, at a temperature not e3r- 
ceeding the boiling point .of merdury, till vapors cease to rise, 
it is said to possess properties in many respects quite, diffejrent, 
being then a .non-<;onductor of electricity, and producing fliame 
during combustion. - , . ' 

442. Prepsfred in.elthef manner it is quite-insoluble in water, 
is attacked with difficufty by nitric abid„ and is Kttle affected 
by any of the otber acids, or by the alkalies. It undergoes 
little change from exjiosure to air and moisture, being less 
injured under these circumstances than wood. It is exceed- 
in^y refractory in the fire,, if excluded from the air, supporting 
the most intexlse heat without change. 

443. Charcoal .posjsesses the property of absorbing a large 
quantity of air or other gases at common temperatures, and of 
yielding the greater part of them again when it is heated. Dif- 
ferent gases are absorbed by it in different proportions; thus 
while charcoal from boxwood absorbs in the space of forty-eight 
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hours 90 tii]^es its own volame of ammoniacal gas, 85 of hydro- 
chloric, and 35 of carbonic acid, and olefiant gas, it will in the 
' saftje time take up only 7.5 times its volum^. of nitrogen and 
1.75 of hydrogen. 

' 444. The cause of this absorbii^ power of charcoal is not 
understood; It varies greatly in different varieties of charcoal, 
and in plumbago and anthracite is entirely wanting. ' 

445. Recently burned, charcoal absorbs air and moisture so 
rapidly for a few days as materially to increase its weight In 
One instance, charcoal from fir was found to have gamed in 
one week's exposure, 13 per cent.'; that from, lignum vitcB, 9.6; 
that from box, 14; from, beech, 16.3; from oak, 16.5; and from 
mahogany, 18. The absorption is most i'apid during the jfirst 
twenty-four hours. The $UDstance absorbed is both water and 
atmospheric air, which' the charcoal retains with 'such force, 
that it cannot be completely separated from them without expo- 
sure to a red heat. 

446. CharcoiEd likewise absorbd the odoriferous and coloring 
principles of most aniijaial and vegetable substances. When 
colored infusions of this kind are (Sgested with a due quantity 
of charcoals a solution is obtained, which is nearly if not quite 
colorless. Tainted flesh may be deprived of its odor by this 

^means^iid.foul water be purified by filtration through char- 
coal. The substance commonly enaployed to decolorize, ifluids 
is animal charcoal reduced to a fine powdeh It loses the pro- 
perty of absorbing coloring matters by usei but recovers it by 
being heated to redness. ^ ' ' , . , 

•447.. Charcoal is nighly combustible. 'When stfotigly heated 
in theopen air, it takes fire,€md burns slowly. In oxygen gas, 
its combustion is lively, and accompanied with the emission of 
sparks. In both cases It fs consumed without flame and 
smoke; and carbonic acid gas is the product pf its combustion. 

If some one o/ two tons of charcoal in fine powder are placed 
in a single heap, it is said it will almost 'certainly ta£e fire 
spontaneously, but the cause has not been explained. 

448. Graphite or plumbago, called also, very improperly, 
blacklead, is carbon in a mineralized state, containing usually 
about '5' per cent, of iron.. Some^doubt has been entertained 
whether it should be considered a^hemical compound Of these 
substances or not, but the probability is it is a peculiar form of 
CEurbon, the iron and.oth^r Impurities contained in it being 
merely accidental. It is often found crystalized in thin scales. 
, . Carbon is used as fuel; in fbri^ing gunpowder; as a pig> 
ment; in the formation of steel; as a polishing powder; and 
in medicine as an antiseptic, &c. && 

CARBON AND OXTOEN. 

' • . .. • 

The oi^ly compounds of carbon and oxygen- known are the 
two following, viz^ :, > ' ' 
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'- •' Carbon. Oxygen, JEouiv, SyriMs 

Carbo4ic crxide. ........ 1 «][. 4-*l eq.. . . ..14.12. . . .CO 

Carbonic acid. .« . * 1 eq. -f 2 eq. .... .22.12: . . .CO3. 

449. Carbonic Oxi^e or Protoxide of C!arbon.-^This giXb- 
stance ia a"^tate of purity has been obtained only in^the gase- 
ous form. There are various methods of premring it, but one 
only will be descYibed. .When equal parts of welUdrled chafk 
in fine powder and'iron fillings fuce thoroughly ipixed, and ex- 
posed to a red heat in a gun-barrel, a large quantity of gaseous 
matter pAss^s over, ^ich, after washing it well with lime- 
water or solution of potassa to separate it from carbonic acid, 
a compound to be next described, is found, to be very pure 
carbonic oxides The chalk, whicft is. a carljopate of lime, wheh. 
heated to redness gives off its carbonic acid, but the red-hot 
iron being pres&jit, instantly absorbs one equivalent of its 
oxygen, and thijs forms carbo^ oxide. The changes are 
illustrated 67 symbols, asfoHewst Fe^CaO,^ C03=5=FeO-f CaO 
+CO. /•■ • . - • '.■•'.' 

^Carbonic oxide. gas is c0k>lT6ss and inisi{rfd. It is neither 
acid nor alkaline; is* sparingly «(bi;orb<^i:)y water, t^ut does 
not rendey.lime-wdter turbid like carbohlc.acid. . 

Carbonic «xide is inflammable. When a lighted taper Is 
plunged into a jar full c^that gas, the taper is extinguiished ; 
but the gas itself. ia4iet on fire, and burns n«im]y at its surface 
with a lambent blue flame. . • . -, 

The blue flame whieh is se^n playing over ignited charcoal 
is caused, by the coifibustion of this gas. 

Carbonic oxide gas c^not support respiration. It acts inju- 
riously on. the system; for if diluted with air, and taken into 
thes jung^ it very soon occasions headache and other unpleasant 
feelings; and when breathed pure,it-alm©gt instantly causes 
profound covia. 

45(X A mixture of caipbpnic oxide ^etitd oxygen gases .may be 
made to explod^ by flame, by a rech-bbt sojid body, or by the 
electric spark. ' ,!i 

Carbonic oxide is composed' of one equivalent of carbort 
united with one equivalent of oxygen.^ Its specific gravity is 
0.97. 'alienee 100 cubic in.ches*shomd weigh 80.08 grs. ^ ^ 

451. Carhorde Add, — This, substance .was discovered by 
Black, in 1757,, apd described by him in his inaugural disserta- 
tion on magnesia, un4er the {lame oi Jixexl'air,' He observed 
the existence of this gas in common limestone and magnesia, 
and found that it may be^expelled froin these substances by 
the action of heat or acids. ;He also remarked that the sanie 
gas' is formed during respiration, fermentation, and combus- 
tion. Its composition was first demonstrated synthetically by 
Lavoisier, who burned carbon in oxygen gas,, and obtained 
cacbonic acid as tl^e -product. ' 

Carbonic acid is mdsl conveniently prepared ibr the pur- 
15* 
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poses of experiment by the action of hyijLrochlorip acid, diluted 
with two or three times its weight of water, on li^agments of 
marble, when the hydrochloric acid takes the lime, and car- 
bonic acici gas escapes with' effervescence. ' " 

Carbonic acid, as thus procured, is a colorless, inodorpusi 
e1a«rtic Huid, which possesses all the pliysical ^chai^cters of the 
gases in an eminent degree, and req^uires a pressure of thirty- 
sik atmospheres at 32^ to condense it into a liquid. Its specific 
gravity 1.5%' and 100 cubic inches, therefore, weigh 47.14 grs. 
The sp.gr. of the liquid at 32°. is 0.83, water being 1, but it 
dilates* remarkably by heat, its expansion being more than 4 
times as great as that of the gases. Heated from 32° to 86°, 
. its elasticity increeises from 36 atmospheres to 73, being about 
0.68 of an atinosphere for each degree. A jet of the liquid being 
allowed to escape' in the aifc evaporates with' great rapidity 
and produces Vuph intense cOld;that a j^art of it is frozen (120). 

' 452 Carbonic acid, extinguishes burning substances of all 
kinds, and the combustion does not. cease ^om the want of 
oxygen only. It exerts a positive influence in checking com- 
bustion, as -appears fi'oin the fact th^t a candle cannot bum in 
a gaseous mixture jcoikipos^d pf fbur measureis of atmospheric 
air and one of carbonic acid. , ^ 

453. It is not better quialified * to support the respiration of 
animals ; for its. presence, even in moderate proportion, is soon 
fatal. An animal cannot live in $ir which contains sufficient 
carbonic acid for extinguishing^a .lighted candle; and hence 
the practical rule of letting down a burning^ taper into old wells 
or pits before any one ventures t6 descend. If the -light is ex- 
tinguished, the air is certainly impure; and thfere is generally 
thought to be no danger,^f the candle continues to burn. But 
some instances have been known of the atmosphere being suf. 
ficiently k)aded with carbonic acid to produce insensibility, and 
yet not so impure. as to extingui^ a burning capdle.' When 
an attempt is hiade to inspire pure carbonic acid, violent spasm 
of the glottis takes place, which prevents the gas from entering 
the lungs. If it be so much diluted with air as to adn^it of its 
passing ,the glottis, U - then acts as a narcotic poison on the 
system. It is this gas which has so oSten^ proved' destructive 
to persons sleeping in a eonfine4 room with a pan of burning 
charcoal. ■ ' '/' . i '. 

454. It is. quite incombustible,, and canhot be made to unite 
with an tidditional portionVof oxygen. It is. a compound, there- 
fore, in which carbon is in its highest degree of oxydation. 

. Lime-water becomes^turbid \^hen brought into contact with 
carbonic acid. The lime unites wittf t|ie gas, forming carbonate 
of lime, which, from its insolubilitV vin water, at 'first renders 
the solution milky, and afterwards fohns a white flaky precipi- 
tate. Hence lime-water is not only a valuable test of the 
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presence of carbpnic acid, but is frequently used to withdraw 
it altogether from any gaseous mixture that contains it. 

Recently boiled water dissolves Its own volume of Carbonic 
acid at the common temperature and pressure; but it will take 
Ijp much more if J:he. pressure be increased. The quantity of 
the gas absorbed Is in ^x^ct ratio withxhe compressing force; 
that is, water dissolves twice its volume when the pressure 
is doubled,' an.d three' times its volume when the pressure i3 
trebled. _ f . >, . 

455. Soda fountains, as th^y are called, consist' simply pf 
water under strong pressure thus impregnated w^h carbonic 
acid, a large portion of which of coui^^se escapes^s s6oiii as the 
waier comes into the open air, producing the violent e^er- 
vescence which is- witnessed. Soda powders, often used to 
•produce an^ agreeable drink in the absence of a soda fountain, 
consist of* bicarbonate of soda and tartaric acid, which, when 
mingled together in solution, pr(>dube by chemical action tar- 
trate of soda,' the carbonic acid passing off into the sdr, with 
effervescence.- - ' ' 

The effervescence which takes place <5n oj)ening a bottle of 
ginger-beer, cider, or briikk champaigne, is owing to. the espape 
of carbonic acid gas., Water, which is fully saturated with 
carbonic acid ^s, spsurkles when it is poured from one vessel 
into another. The solution has an a^eeably acidulous taste, 
and gives to litmus, paper a red stain, which is lost on exposure 
to the. air. On the addition of lime-water to it, a cloudiness is 
produced,, which at first ^sappears, becatise the carbonate of 
lime is ^^uble in excess of xrarbonic acid ; 'but a permanent 
precipitate ensues when the free acid is neutralized by an addi- 
tional quantity of Iimer water. • The water which contains car- 
bonic acid in solution is wholly deprived of the gas by boiling. 
Removal of pressure from itssuiface by means of the air-pump 
has a' similar effect. . ". .^ " 

The agreeable pungenqy of beer, porter, and ale, is in a 
great measuire owing to the presence of carbonic acid*; by 
the loss c^f which, on .exposure to the air, they beconfte stale. 
All kinds of spring ahd well water contain carbonic afcid ab- 
sorbed frohi the atmosphere,' arid to. which they are partly 
indebted for their pleasant flayor. Boiled water has an insipid 
taste, from the absence of carbonic acid. ' ' 

456. Carbonic acid is always present in the atmosphere, even 
at the sumitfit of the highest mountains, or at a distance of 
several thousand feet above the ground. Its presence may be 
demonstrated by exposing lifhe- water in an open vessel to the 
air, when its surface wijl soon be covered with a pellicle, which 
is carbonate Of lime. . But though constantly supplied by various 
natural operations, the quantity is not increased. . 

457. This gas i^ometimes collects in large quantities in mines, 
and is caljed choke^damp. It is probably in most cases produced 
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by. decaying vegetable matter. Sometimes, it collects in this 
manner in weHs. 

45^. For ihiB reason a person should never descend into a w^ or enter 
a cavern without first taking tneasu^es to i^scertain the state of the atmo. 
^here contained In jt To determine this in a well|ik Ugh ted candle may 
\ie let down by means of a rope, which ^^ill he. extinguished if there is 
enough caiibonic acid present to cause iany danger (453).. If the candle is extin- 
guished;. the air must be purified beibre it can be entered, by letting down 
a quantity of recently slaked lime; bj which l^e calbeiiie acfd is fapidly 
absorbed, or it may be ventilated by meant^ of ignited charcoal, let down in 
ftn iron> basin. The heat of the bnming charcoal ^produces ascending car- 
rents in the impure air, by wfaicb it will at length be removed and its place 
0uppUf»d by fresh air froim the open atmosphere. 
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•" CARBON- AND H 'S^D R OGB N. ^ < 

45^.- Crhemistfih hare for several yeBrs4)eett aeiqtuaiiited with 
two distinct s^mppun<ls of carbon and hfydrpgenrviz., carbu- 
retted hydrogen and olefiant gas;~ but late researches have en- 
riched the science with several other compounds of a similar 
nature, to which muqh interest is attached. They are, remarka- 
ble for their nuinber; /or siipplying son^e instructive instances 
of isomerism (342)-; and for their tendency to unite with and 
even neutralize powerful ticids, though in an uncombined state 
they manifest no signs^ of alkalinity. Several of them exhibit 
in their combinations with other substances many of the phaiCac- 
teristics. of elements, and hat^e h^ce;.beea called compound 
radicals. These will be described ia organic chemistry, w^ere 
they property belong, so fer as they come'within the object of 
the work. At present the two -following only, will be intro- 
duced.. " / '- 

' ^ Hydrogen* 'fktrhon, Eqaiif, Symbol, 

Light carburetted hydrogen. * . .2 eq. -j- Teq.— -8.12. . i .HjO 
Oleiiant gas i ....... : 4 eq. -f 4 eq.— 28.48. . /.H4C4 

460. lAffht Carburetted Hydroffen.'-rThiB gas is..sometin)es 
called heavy inflammabie air, the ir^ammdbh. air of marshes, 
and hydrocarbureti' Agreeably ta the'prihciple^ of the chemical 
nomenclature, taking carboji as the, electro-negative element, 
it is a dicarburet of hydrogen ; but it iS generally termed light 
carburetted hydrogen. It is formed ahuhdintly in stagnant 
pools during the spontaneous de.composition of dea5 vegetable 
matter ; and it may readily be procured by stirring the mud at 
the bottom pf them, arid collecting this ^^ as it escapes in an 
inverted glass vessel. In this state it is found to contain ;^th 
of carbonic acid gas, which may be- removed by means of lime-- 
water or a solution of pure potassa> and ^S th or ^th of nitro- 
gen. This is the only convenient method of obtaining it. 

461. Light carburetted hydrogen is tasteless and nearly in- 
odorous, and it does not change the color of litmus or turmeric 
paper. Water absorbs about' ^^th of its volume. It extinguishes 
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all burning bodies^ and is unable to support the respiration of 
. animals. It is bighfy inflammable; and when a jet of 4t is set 
on fire, it burns with a yellow flame, and with a much stronger 
light than is occasioned by hydrogen gas. With a due propor- 
tion of atmospheric^alr or oxygen gas, it for^is a mixture which 
detonates powerfully "With the ^iectric spark, or by the contact 
of flame. The sole products of the explosion are water e^d 
carbonic acid 

The specific gravity of this gas is 0.56, and of course 100 
cubic inches weigh 17.37 grains. 

462. Light carburetted hydrogen is not decomposed by elec- 
tricity, nor by beirlg passed through red-hot tubes, unless the 
temperature is very intense, in which case soi^e of the gas does 
suffer decomposition, each volume Yielding iwo volumes of 
pure hydrogen gas and a ^eposite. Of charcoal 

463. This gas is- the ^re-di&np of co^ mines, into which It 
often isdues in large quantities ^pm bettv^een th^ beds of coal ; 
and by collecti^ therein consequence of deficient V4entilation, 
and gradually mixing with atmospheric aiir, fof-ms an explosive 
mixture. The first unprotected light w^ich then approaches 
sets fire to the whole mass, and ah explosion ensues. These 
accidents, which were ibrmerly so freciuent and so fatal, are 
now comparatively rare, owjing to the employinent of the safety 
lamp. ^ . . 

For thi9 lamp we are. indebted to Davy, who, in his experi- 
ments that l^d to its involution, discovered that this gas when 
. mingled with atmospheric air forms an explosive niixture, pro- 
vided it constitutes not less than ^th, nor more than ^th of the 
whole volume, but that the flame is not communicated through 
sndiall tubes, or fine wire, gauze. 

Fig. 73.. • This effect of ^ire gauze in arrest- 

ing flame may be familiarly shown 
by holding a piece' of it b over the 
flame of a candle a, in the manner 
represented }p. figure 72. The com- 
bustible gases, it will be seen, pass 
iiixconsumed through the g^uze, and 
may be kindled on the upper side d. 
If a piece of camphor is placed on 
the metallic' gauze and held over 
the jamp, it will melt . and vaporize ; 
but as it melts, a part will filter' through the gauze and take 
fire, producing a sheet of flame in contact with the lower sur- 
fece; but above, the vapor of camphor Will be perfectly pro. 
tected, though it continues all the while to mi^ with the air. 

464. These principles being established, it i^ plain, if a com- 
mon 'oil lamp be completely surrounded with a 6age of such 

fauze, it may be introduced into an explosive atmdsphere of 
re-damp and air, without kindling the mixture. This simple 
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iSf- « . contrivance, which is oppropri^teK- termed the 
BOfeiy-lamp, not bnlj prevents explosion, but In; 
dlcatea the precise moment of danger. When the 
~]amp is carried into an atmqaphere charged with 
firedamp, the flame begins to enlarge; and the 
.mixture, if highly exploitve, takes lire as soon as 
it has passed through the geuze, and burns on its 

, inner surface, while the light in the centre of the 
lamp is eitingnisbed. Whenever this appearance 
Is observed, u^e miner mu^ instantlv withdraw; 
,for though the flame ahoiild not be^ble to commu- 
nicate with the explosive mixture on the outside 
of the lamp, a^ long as the texture of the gauze 
remains entire, yel the heat emitted during the 
combustion Is so great, that the wire,. if exposed 
to it for a few minutes, would* suffer oKydation, 
and fidi to pieces. 

tl The accompanying figure c^ the safety-tamp 

7 needs no additional cxptanatio.a. 

465. The operation of Ibe luop msy be ibawii quite 
(veil, ^y pourisg a little aulphuric elher into a conunon 
glUB receiver, whicK Bhould be inrerted and aeilated a lil. 
lie, » (hat it may be Rlled-with a mixture of air and vapor 
of elber, and then letting the lighted lamp down into it. 
77>e miihire of air end vapor oT etbei entering through the game, borna 
brilliantly within the gauze, but th^ 3jme ii not communicaled to that 

466. The peculiar t^eration of smiU tubes ot wiN gaaia, in obatruclilDg 
Ihe'panage of flame, tiaa be«D attrlbMed toXbe'cooliog of the heated gti 
by Uie coadueting power of the mela'.. Flame i> gaeeooB matter healed aa 
inteneely ■■ to be tuminoui, and the temperature neceaaaiy.for producing 
tbi« effect ia very high, even above the nhiCe heat ,of solid bodiea, which, 
theielbre, even in this state, produce upon it a cooling «llbct. Conse- 
quently, when flauM comes in contacl with Gue win gauze, if* temperalore 
ia to reduced that eombuBtlon ceaeea and the gate* pass on unelnuged. 

This eiplan'ation bM^wcn questioned, (hough it u believed no bctler one 
has been propoaed in its-place. 

467. Theae principles a uggeat the CondiUolU.uiHier which Davy's lamp 
would ceate to be safe. If a lamp with its gauie red-hot be expoaed to a 
euTTtnt of Giploalve miitilre, the flame ipay poaaibly paaa lo rafndly as nut 
to be cooled below the point of ignitioD, and in that caae an accident might 
occur with a lamp whjcb Would be quite aaib in a calm atmosphere. It haa 
been lately shown tliat flame in thia way may-be made to paas through the 
gHUza of the aafely-lamp, as commoalv'cotiatrDCted. . lliis may aceoant for 
accidents in eoal'miiita where Ihe aafetyJarnp la eonstandy employed. An 
obvlouB mode of avoiding such an evilistodimiDiahlheapertureaofthegauze; 
but thia remedy ia nearly impracti^uble, from the obalacle which vecy fine 
([auie CBusea lo the diffuai«n of light A better melhad ia to suiroond the 
common. aaiely-Ianip with a, glass cylinder, atlowipg air to enter siJely al 
the bottom of the lamp, through wire gauie of sjlreme Gneneaa, placed 
boiizontally, and to estape at the top by a sir " 



468. Olefiant Qm or Hydruret qf Carbon. — ^ThJjjr gas has.also 
been called bicarburettd or petcarburetted hydrogen. It iiras 
discovered in lZ96»,by some associated Dutch chemists, wbo 
gave it the name of QlefiarU ga^ from its.property of forming 
an oil-like liquid with chlorine. 

Olefiant gas is prepared by mixing in a capacious retort one 
part of alcoliol with four of ^concentrated sulphuric acid, and 
heating the mixture, as soon Jis it is. made, by means of a lamp or 
ignited charcoal ' The acid soon acts upon the alcohol, efferves- 
cence ensues, and olefiant sas ^passes over, mixed with other 
substanci^s, chiefly sulphurous acijd, frbm which ft may be puri- ~ 
fled by washing it With solution of lime or caustic potassa.. 

469. Oleflant gatf is a colorless elastic fluid, which whe^ pure 
has no taste and scarcely any odor. Water absorbs about one.: 
eighth of its yolume. Like .the preceding compound it extin- 
guishes flame, is unable to support the respiration of .animals^ 
and is set on fire whei^ a lighted candle is presented- to it, burn- 
ing slowly, with the emission of a dense white Ught. With a 
proper quantity of oxygen gas, it forms a mixture which may*" 
be kindled by flame or the electric spark, and which explodes 
with great violence. To buril it' completely, it ^hoidd be deto- - 
nated with four or five times its volume of oxygen. 

It is composed' of 4 equivalents of carbon coQ\bined with 4 
ea. of hydrogen, but 1 eq.of the hydrogen is in a (liferent state 
of combination fl'om the rest. Its sp. gr. i^ 0,9d, and 100 cubic 
inches weigh 30l41 grs. 

Chlorine acts powerfully on olefiant gas ; and when the gases 
are mixed together in the ratio of two measnres.of the former, 
to one of the latter, they form a mixture which takes fire on 
th^ approach of flame, and which J^iims rapidly with formation 
of hydrpchloriCyjacidgas, and deposition of a large quantity of 
charcosd. But if the gases are sulowed to remain at rest after 
being mixed together, the chlorine, instead of decomposing the 
olefiant gas, enters into direct combination with it» and a yel- 
low liquid like oil is generated, which will be described hereafter. 

Olefiant gas, when a succession of ^ectric sparks is passed 
through it, is resolvjed into charcoal €uid hydrogen ; and the 
latter of course occupies twice as much -space as the gas from 
which it was derived. It is also decompcMed by^transmission 
through red-hot tfibes , of porcelain. - . . • 

' CARBON AND NITROGEN.' 

470. Theire are two compounds of these substances^ cyano- 
gen, and meHoni l)esid^.pBracyanogen, which is isomeric witK 
cyanogen. 

. Carhmk, Nitrogen, Equiv. Symbols. 

Cyanogen...' ..2eq. + leq. — 26.39 — C^N orCy 

Mellon 6*eq. + 4 eq. — 93.^2^C8N4 or MI 

Paracyanogen. ... .^ ... . .8 eq'-+ 4 eq. — 105^56 — C^N^ 
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Bicarburet of ^trogen or Qfano^cn.*-:— TOiis gSiS, the disco- 
very of which was made in 1816^ by.Gav-LuaSac, is prepared 
by heating carefally dried bicyanuret or iDercury in a small 
glass retort, by means of 9 spirit-lamp. The cyanuret, which 
was formerly considered a (compound of oxide ofm^cury and 
prussi<^ acid, and was then called prt^M'afe of mercury, is com- 
posed of metallic mercuiy and cy^mpgen. On e:tpo8ure to a 
low r«d heat, it is resolved into its elements^ the cyano^n 
passes over in the form pf gas^ and the metallic mercury is 
Bublim^. The retbrtj.-at the close of the process, contains a 
4mall residue of a dark brown matter like charqoal, which 
consists^pf the same ingredients as the gas itself. - 

471. Cyanogen gas is colorless, and has a strong pungent 
-and very peculiar odor. At the temperature of 45° and under 
A pressure 6f 3,6 atmospheres, it is a limpid liquid, which is a 
non-conductdr of electricity, and r'esuipes the gaseous form when 
th^ pressure, is removed.. It 'extinguishes- burning bodies; but 
it is inflammable, and burns with a'beautifuland characteristic 
purple flame. It .can support a strong h.eat without decompo- 
sition. Water, at ^he temperature of .60°, absorbs 4.5 times 
and alcohfrf 23 times its volume of the gas. 

The specific gravity of cyanogen gas is 1.82, and lOO cubic 
inches weigh 56.47 grs. 

472. Cyanogen, thpugh a compound body, has a rem&rkal^e 
'tendency to combine with eleitientary substances. Thus it is 

capable of uniting with the simple non-^ietallic bddies, and 
evinces a Strong^ attraction for metals, but, manifests little dis- 
position to combine with the oxides or other coEbpound bodies. 
It is therefore analogous, in its cheinieal relations, to the ele- 
mentary substances, and is to be considered. a& a *' compound 
radical", of Organic Chemistry, where its various combinations 
will be descril^d. 

. 473. FaroqiBnogvff.— After preparingr cvanoj^en by tbe process above 
described, a brown mass is leifl in the retort, which is fqiind to iie a solid 
compound of carbon and nitrogen, a ^icarbm^t of -nitrogfen,, isomeric with 
cyanogen; and it has been suggested that tlie carbonaceous residue, after 
the charring of animal subeUincest is probably in many cases a carburet 
of nitrogen,, and not' pure charcoal, as. htm been supposed. This suggestion 
seems to be confirmed by the recent- discovery of the effect produced on 
heiated iron by the ferro-cyanide of potassium, converting it readily into- 
steel, at least at the surfluw, in the same manner as When heated in-aninia. 
carbon. . /- . * 

I ■' ■!■ . I I. I I 1 I I I I H .■ I . ■ 1 ^ ■ II IW 1. II ■ II I III 

* Derived from wtanf, blue, and /cwvy, to gefteraU, because it is an ingr» 
dient of Prussian blue. 
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SECTION v.; 

.SULP.HUiJ .' 

Symbol S^ Equivalent IB.L 

4?4.' SuLPHufe occurs aa a mineral prodiictioii. in some parts 
of the earth, particularly. in the neignborhobd of , volcanoes, as' 
in Italy and Sicily. It exists much more abundantly in combi- 
nation with several tiietals, such as silver, copper, antimony^ 
lead, and iron.. It is procured in large quantity !jy exposing 
iron pyrites to a red heat in clbse vessels:. • ^ 

It is also found in many organic bodies, as in the egg, in the 
hair, the hoofs, and horns of animals, and in the aeeds of th)s 
black mustard! • ^ \ ■ ^ 

475. Stjlphur is a brittle solid of ^. greenish-yellow cdlor, 
emits a peculiar odo(: when rubbed, and has little taste. It is a 
non-conductor of electricity; and is excited neffatively by fric- 
tion. Its specified gravity i3 J.99. Its point of fusion is 226® ; 
between 23(P and 280°lt possesses the highest degree of fluidity, 
is then of an amber color, and if cast mto cylindrical moulds, 
forms the common roll sulphur ^qf commerce. It begins to 
thicken near 32(P, and acquires a reddish tint ; and at tempera- 
tures betweeji.428® and 482*^, it is so tenacious that the vessel 
may be inverted without causing it to change its place. From 
482^ to its bpUin^ point it again becomes liquid, but never to. 
the same extent as when at' 248®. When heated to at least 
428®, and then poured into Water, It becomes a ductile mass, 
which may be used &>r taking the impression of seals. After 
some time it changes into its ordinary state. - . 

Fig. 74. 476. Fused sulphur has a tendency to crys- 

talize in cooling. A crystaline arrangement . 
is preceptible in the centre of common roll 
sulphur ; and by good management regoilar 
crystals maybe obtained. For this, purpose 
several pounds of sulphur should be melted In 
an earthen crucible; and when partially cooled, 
the outer solid crust should be pierced, and the 
crucible quickly in verted, so that the inner and ' 
as yet fluid parts may gradually flow. out. On breaking the 
solid mass, when quite cold, crystals of sulphur will be found 
in its interior, the primary foiin of which is thejoblique rhombic 
prism. 

477. Sulphnr ia very volatile* It begins to rise' slowly in 
vapor even before it is completely fused. At 550® or 600® it 
volatilizes rapidly, and condenses agiain unchanged in close 
vessels. Common sulphur is purified by this process ; and if 
the sublimation be Conducted slowly, the sulphur collects in the 
16 • 
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receiver in the form of detached crysUdine grains, called fioto 
era of sulphur. In this state, however, it is not quite pure: for 
the oxygen of the air within the apparatus cojnbines with a 
portion of sulphur during ti\e process, and forms sulphurous 
acid. The acid may be removed by washing the flowers re« 
peatedly with' water. ... 

, The density of sulphur vapor is about 6.65 ; and if it could 
exisrat the temperattire of B(P, 100 cul)ic inches under a baro- 
metric pressure of 30, wonl4 weigh 206.177 grains. 

478. Sulphur is insoluble in water, but dissolves readflyin 
boiling oil of turpentine, and in other oils. Chloride of sulphur 
an<l sulphuret of carbon also dissolve it ; and from all the solu- 
tions it .may be obtaine4 in crystals, the primary form of which 
1^ the rhombic octahedron^ It is therefore dimorphous (362). 

Sulphur is also soluble, in' alcohol; if both substances are 
brought together in the form of vapor; The suJphar is precipi- 
tated from the solution by the addition of water. . 

When sulphur is heated in the open air to 300° or a little 
higher, it kindles spontaneously, and bums with a faint blue 
light. In oxygen gas its combustion is lar more vivid ; the 
flame is much larger, and of a bluish^white color. Sulphurous 
acid is the product in both instances ; — lio sulphuric acid is 
formed even in oxygen gas Unless moisture be present 

479. Sulphur is Used extensively in the arts, and in medicine. 
It' is employed in the manufacture of gunpowder, sulphuric 
acid, the different kinds of matches, vermilion, &c., and for 
taking impressions of seals. In medipine, it is used in cutane- 
ous diseases, and as a cathartic and alterative. 

SULPHUR AND OXTOEH. 

There are four compounds of sulphur and oxygen, 9II of 
which are acids. . They are as follows : . 

iSbZpAur. .Oxygen: JSqttiv. SymboU, 

Hjrposulphurotis acid 2 eq« + 2 eq ^.2, . . .BjO, 

Sulplhurous acid... 1 eq. -f 2eq...;.32:K...SOa 

Hyposulphuric acid,. .;, . ..2 eq. -|- 5 eq 70.2, . . .S3O5 

Sulphuric acid ; 1 eq. + 3 eq. . . . .40.1 SO3 

According to Thomson there is still another acid compound 
of these substances, composed of sulphur two equivalents and 
oxygen one equivs^ent. , . 

480. Hypo9ulphurou$ Aeid. — This 'acid may be fbrined eithec by digest- 
inr Btilphur in a solution of any sulphite, or by tnnsmitting a current of 
soTpburoas acid inton solution of sulpburet pf caicium or strontium. A 
oonvenient solution for this pocpose is made by boiUn|f 3 parts of slaked 
Ume and 1 of sulphur^ with SO parts df water, for one hour, and decantinf 
the clear liquid -from the undlfnolved/ portions ; but when ^is solution is 
used, an abundant deposiCe of sulphur takes place*. ' 

This compound is properly called hyposulphurous acid, because tlie pr» 
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portion of okygen it conlamst compared with the lolphur, is lest than ir 
sulphurous iKcid, but it m to 'be' observed ihat its equhralent, or *the quantitj 
of it required to neutralize one eq< of an alkali, is not 24.1, bjit 48^. 

481. Hyposulphurooft acid cannot exist permanently in a free state. Or 
•d^oHi posing a hyposqlphite by any stuonger aoid, such as sulphuric or hy 
drochloric, th^ hyposuipbuious acia, at tlu moment of quitting the base 
resolves itself into sulphurous aci<l^and sulpbjir. The solution of all the 
neutr^il hyposulphites has the peculiar |>roperty- of dissolving recently pre. 
cipitated chloride. of silver in iarge quantity, and forming with it a liquid 
of an exceedingly s^iveet taste..' On this property is fi>ttnded their use in 
photography (157); , 

482. Sulphuirous Acid.-^l^\ire sulphurous acid, sl% the cofnmon 
temperature and pressure, is a Colorless transparent gas, which 
was first obtained in a separate stat6 by Priestley. It is the 
sole product when si^lphur Is burned in air or dry oxygen gas, 
and is the cause of the peculiar odor emitted by that substance 
during its combustion, . 

483. It may also be prepared by depriving sulphuric acid of 
one equivalent of its oxygen,* which may be done by» its action 
on various substances, and particul£urly upon ihe metals. One 
portion of sulphuric acid yields oxygen to the m'etair and is 
thereby converted into sulphurous acid; while the metallic 
oxide, at the moment of its formation, unites with some of the 
undecomposed sulphuric acid. The best method of obtaining 
ptire sulphurous acid gas, is by putting two parts of mercury 
and three- of sulphuric acid into a glass retort, the beak of 
which is received under mercury, and heating the mixture by 
a lamp. , ^ 

484. This gas is readily distinguished from all others by its 
suffocating, pqngent o(lor. All burning bodies, when immersed 
in it, are extinguished without setting fire to the gas itself ^ It 
is fatal to all animals which are placed in it. A-vioFent spasm 
of the glottis takes^plape, by which the entrance of the gas into 
the lung's is" prevented; and even, when diluted with air, it 
excites cough, and causes a peculiar uneasiness abqut the chest 

The specific gf avity of gaseous sulphurous, acid i^ 2.21 ; the 
weight of 1 OQ cubic incties .therefore is 68.55 grains. 

Recently boiled water dissolves abojit-33 times its volume 
of sulphurous ac.id at -60^ and 30 inches'of the barometer, form- 
ing a solution which has the peculiar odor of that compound, 
and from which the gas, Unchanged in its, properties, may be 
expelled by ebullition. * ^ ■ * , . 

485. Sulphufous ^cld- has considerable bleaching properties. 
It reddens litmus paper, and then slowly bleaches it. Most 
vejgetable coloring matters, such as those of tfie rose and Violet, 
are speedilv removed, without being first reddehed. It is re- 
markable that the coloring principle is not destroyed ; fc>r it 
may be restored^ either by a stronger aeid or by an alkali. 

Though sulphurous ac{d cannot be made to burn ty the ap- 
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proach of flame, It has a very strong attraction for oxygen, 
uniting with it under favorable circtupstances, and forming 
suJphurip acid. The presence -of moisture iae^ential to this 
change. A mixture of sulphurous acid and oxygen gases, if 
quite dry, may be preserved' over mercury for any length of 
time without chemical action. But if a little water- be admitted, 
the sulphurous acid gradually unites with the oxygen, and sul- 
phuric acid is generated. The fecility.with which this change 
ensues is such that a solution of sulphurous add in water can- 
not be preserved, except atmospheric air be carefully excluded. 
The solutions of metals which have a weak affinity for oxygen, 
stach as gold, platinum, and ^jnercury, are completely decom- 
posed by it, those substances being precipitated in the metallic 
form. Nitric acid converts it instantly into sdlphuric acid by 
yielding some of its oxygen. Peroxide of manganese -causes a 
similar chahge, and is itself ccmverted into protoxide of man- 
ganese, which unites with the resulting sulphuric acid. 

486. Sulphurous acid is converted into a liquid by a pressure 
<ef two ata(K>spheFes when the t<^nperature is at 45^,- and by the 
ordin«£ry pressure at 0®., If the temperature is raised if enters 
into ebtillition at H^ ; but allowed to evaporate spontaneously, 
intense cold is produced, sufficient even to freeze mercury and 
liquefy ammonia,- under the usual- pressure of the atmosphere 
CMily. 

Fig. 75. '487. A little X)r the liquid may 

be obtained very easily by putting 
a.' small quantity of mgrcurj and 
salphuric acid in a bent tube, as re- 
ir^iresented in figure 75, sealing it 
hermetically, and supplying heat 
to the extremity a, which contains the tnaterials; while the other h is kept 
cool by means of ice or the evaporation of ether. The liquid will be soon 
ilbund to collect in the cool part of the tube. 

488. Hyposulphurie Acid,— ^Thia aci4'ls formed by transmitting a cur- 
rent of sulphurous acid gas through water containing peroxide of manganese 
in fine powder. 

Hyposulphurie acid reddens litmus paper, has a sour taste, and forms 
ncrutral salts With alkalies. It has no odor, by which circurastanoe it is 
distinguished firom Sulphurous acid. It cannbt be confounded with suU 
phuric acid ;' for it forms soluble salts with batyta, strontia, &c., with 
which sulphuric- itcid forms insoluble compounds. It cannot be obtained 
fi^ £rom water. The greatest density of the hydrous acid is 1.35. 

489. Sulphuric Acid, — Sulphuric acid, or oU (^vitriol, as it is 
dtten called, was discovered. by. Basil* Valentine, towards the 
cfbse of the 15th century. It is procured for the purposes of 
commerce by two methods. One' of these has been long pur- 
sued in the manu&ctory at Nordhausen, in Germany^ and cpn- 
Sist^ in decomposing protosulphate of iron (green vitriol) by 
heat. This' salt contains 6 equivalents of water of crystaliza- 
tion; and when strongly dried by the fire» it crumbles down 
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into a white powder, which still contains 1 equivi^ent of water. 
On exposing^ this dried protosulphate to a red heat, its acid is 
whoUy expelled, the greater part passing over unchanged into 
the receiver in combination with the water of the salt. Part 
of the acid, however, is resolved by the strong heat employed 
in the distillation into sulphurous acid apd oxygen. . Peroxide 
of iron is the. sole residue. 

490. The acid, as^ 'procured by this process, is a dense, oiljr 
liquid of a. brpwnish tint: K emits copious white vapors, on 
exposure to.Yhe air^ and is hence cs^lled fuming sulphuric acid. 
Its specific gravity is stated at 1.896 aftid l.flO. It consists of 
80.2 parts or 2 equivalents of anhydrous apid^ and 9 ^arts x)r. 1 
equivalent of water. - 

On putting this acid ifttp a glass retort, to which a receiver 
surrounded by snow is securely ada^pted, and heating it gentJy, 
a transparentv colorless vapor passesr over, which coi^denses 
into a white crystaline solid. This substance' is pure anhydrous 
sulphuric acid. It is tough and elastic; lique^s sit 669, and 
boils at a temperature Ijetweeh 104° and 122°; forming, if no 
moisture js present, a transparent vapor. Exposed to the air, 
it unites with watery vapo^i and flies off io the form of dense 
white' fumes* The'' residue of the. distillation is • riO longer 
fuming, and^is in- every respect similar to thef common acid -of 
commerce. 

491. The other process f&r forming sulphliric acid of com- 
merce, referred to above, whTch Is the one practised exclusively 
in England and in this country, is by burning sulphur previ- 
ously mixed with one-eighth its weight of nitrate of potassa. 
The mixture is burned in a furnace, so contrived that the cur- 
rent of air which supports the combustion conducts the gase- 
ous product^ into a large leaden chamber, t^he bottom of which 
i$ covered to the depth of "several inches .With water. 

Numerous and complicated changes take place during the 
combustion of the sulphur, by whicn oxygen from the air is 
transferred to the' sulphur,' converting itinto this acid. The 
w:ater is designed chiefly, to absorb the vapors of sulphuric acid 
as they are formed, ,but watery vapor is also necessary in the 
jchemical c^ang^s. that occur. ' ' 

The water in the cl>amber is allowed to remain unchanged 
until it has acquired a specific gravity of about 1.6, when it is 
removed and concentrated tiy evaporation, first in leaden cis- 
terns, and afterwards in glass or platinum retorts. : ** 

Sulphuric acid prepared in this manner is a dense, colorless, 
oily fluid, which boils at 620°, and has a specific gravity, in its 
most concentrated form, of 1 .85. Mitdcherlich found the density 
of its vapor to be 3. It is one of the strongest acids with which 
chemists are acquainted, and when undiluted is powerfully cor- 
rosive. It decomposes all animal and vegetable substances by 
the aid of heat, causing deposition of charcoal and formation 
16* 
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of water. It has a strong, sour taste, and reddens litmus paper, 
even though greatly, diluted. It unites with alkaline sub- 
stances, and separates ^W other a6ids more or ]ess completely 
from their combinations with t^e alkaliea 

402. In a very concentrated jstate it dissolves small quantities 
of sulphur, and acquires a blue, green, 'Or brown tint. Tellu- 
rium and selenium are also sparingly dissolved,, the former 
causing a crinosoji, and the l$Ltter a green color, jBy dilution 
with water, these substances subside tinchangied; but if heat 
is applied, the^ are olxydized at; the e:j^pense of the apid, euid 
sulphurous )acid gas is disengagedi Cl\arcbal also appears so- 
luble to « small extent in sulphuric acid,' cgmmiimcating ^at 
first a pink, and then a dark reddish-brown tint. 

This acid, prepared, as above, descril^d, by the combustion 
of sulphur in leadea chambers, is apt to be contaminated by a 
little sulphate of potassa and lead, firom which it may be^urified 
by careful distillation. Recently, instead of sulphur, iron 
pyrites (seeJaoN) has been much used in its. manufacture, and 
it has in consequence frequently been fomul to contain ^arsenic 
and selenium. ~ . . ^ ' ^ . 

493. Sulphuric ^id has a very great affinity for water, and 
tMiites with , it in every proportion. The. combination takes 
place with production of intense heat. Wh^n four p&rts by 
weight of the acid, are suddenly mised with one of water, the 
temperature of the mixture rises to 300^. By its attraction for 
water, it causes the sudden lique&dtion of snow; and if^ixed 
with it in due proportion, intense cold is generated.' It absorbs 
watery Vapor with avidity from the air, and on this account is 
employed in the process for frieezing water by its own evapo- 
ration. The action qf sulphuric acid in destroying the texture 
of the skin, JQ forming ethers, and in decomposing animal and 
vegetable substances m general, seems dependent on.its £iffinity 
for water, * . _ 

In order to determine the strength of liquid sulpKuri&acid, it 
is sufficient to know that every. 53.42 parts of pure carbonate 
of soda will neutralize precisely 40.1 parts, of real sulphuric 
acid. When ver^ great accuracy is not. desired, it will be 
sufficient to find the ■ specific ^avity according to the tables 
given in book^. • ' , 

494. Sulphuric acid, of commerce fireezes at — 15°. Diluted 
with water so as to have a specific gravity of 1.78, it congeals 
even above 32°,. and remains in the solid state till the tempera- 
ture rises to 45°. When mixed with rather more than its 
weight of water, its fi^ezing point is lowered to — 36°. 

Chemists possess an unerring test of the presence of sul 
phuric acid. If a solution of chloride of bariufn is added to a 
nquid containing sulphuric acid, it causes a white precipitate, 
sulphate of baryta, which is characterized by its insolubility in 
acids and alkalies. 
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Sulphuric Bicid oecasionaily* occurs free in nature, 9s at 
Byron, Genesee County, New York, but «ijch cases are^rare. — 
{New York Geological R^ort for XSiO.). •• v 

495. Sulphuric acid is applied in the arts and in the labora- 
tory to very many important uses; as, in the preparation of 
the ot;her acids, the extraction of soda from common salt, the 
manufacture of alum, sulphate of iron, chlorine, &c. It is £l1so 
used, as a solvent for indigo, and in the various manu&ictures 
of the nl^tals. -, ' * . ' ' 

S:ULPHUR AND HTDROOEN. 

Sulphur combines with hydrogen in two proportions, and 
the resulting compounds are constituted as follows: ^ 

HySrogen, ^pkur. Equ{p, SymboU, 

Hydrosulphuric add 1 eq. -f leq.,^,A7»],,. .HS 

Persulphurfetted -hydrogen., I eq. -f- 2 eq. . . . i33.2. . . .HS^ 

496. Hydirostdphuric Acid.-^This compound is also known by 
the name of sulfuiureUed fiydrogeh, but as it possesses distinct 
acid properties, it is. with propri^y rani^ed among the acids. 

It may be prepared by several processes; but for common 
purposes it may most readily beibrmed by the action of diluted 
sulphuric acid upon the protosulphuret of iron. The changes 
that tUke place during this process are easily understood ^ they 
are represented by the foilawing formula:- FeS-|-S03+H0= 
PeO, SO3+HS. 

From tl^ it appears^hat when a single atom of each of the 
three substances, protosulphuret of iron, sulphuric acid, and 
water, come in contact,- the particle of water is decomposed, 
its oxygen. imitiediately combining with the iron, and its hy- 
drogen \^ith the' sulphur whic^ was befbrp united with the iron. 
Thus a piartide of protoxide of iron and a'nother of hydrosul- 
phuric ,acid are formed simultaneously, the latter of which 
escapes in the gaseous forip^ while the former combines with 
the sulphuric acid to constitute sulphate of the protoxide of 
iron, jvhich retnaihs in solution. 

497. A sulphuret of iron may be procured fbr the purpose, 
either by igniting common iron pyrites, by which means nearly 
half, of its sulphur is expelled, or by exposing to a red heat a 
mixture of two parts of iron-filings and rather toore than one 
part of sulphur. The materials should be placed In a common 
earthen or qast-iroi^ crucible, and be protected, as much as 
possible from the air during the process^ The sulphuret pro- 

, cur6d from iron-filings and sulphur always contains some un- 
combined iron, and, therefore, the gas obtained firom it is never 
quite pure, being mixed with a little. free hydrogpn^ ;This, 
however, for many purposes, Is immaterial. '. 

498. Hydrosulpnuric add, is a colorless gas, which jreddens 
moist litoxus paper feebly, apd is distinguished from all other 
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gaiseous substances- by its offensive taste and odor, which is 
similar to that of putrefying cg^t or the \irater of sulphurous 
springs. * Under a pressure of 17 atmospheres, atSO^, it is com- 
pressed into a limpid liqtiid, lyhich resumes the gaseous state 
as soon as the pressure is removed. To apimal liffe it is very 
injurious. According to Dupuy tren and Thenard, the presence 
of TTnifth of this gas is instantly fatal to a smalf bird^ rij^^t^ 
killed a middle-sized dog ; and a horse died in an atmosphere 
\f^hich contained yji, til of its volume. 

Hydrosulphuricapid extinguishes fdl, burning bodies ; but the 
gas takes fire when a lighted candle is immersed in it, and 
burns with a pale blue flame. IVater'and sulphurous acid are 
the products pf its combustion, and suiphur is deposited.* With 
oxygen ^as it forms a mixture which -detonates by the appli- ' 
cation of fiame or the electric spark. ... 

Its specific gravity is 1.18; and- 100 cubic inches, therefore, 
weigh 36.49 grains. 

Recently boiled water absorbs itsowii volume of hydrosnl- 
phuric acid, becomes thereby feebly acid, and acquires the 
peculiar odor and taste of su^hurous springs. The gas is 
expelled without change by boiling the water. 

Water naturally impregnated with hydrosulphuric acid is- 
suing from the earth constitutes iBt^phur springs^ of ^hich 
there are many in this and other countries. TbjB hjporosul- 
phuric acid-is probably forme^ fey the decomposition of metallic - 
sulphurets. - ." ; 

4^. The elements of hydTosulphuricf acid may easily be sepa- 
rated from one another. A solution of the gas cannot be pre- 
served in aii open vessel, because its hydrogen unites with the 
oxygen of the atrhosphere, and '^iilphur is deposited. When 
mixed with sulphurous acid, both compounds are decomposed, 
water is generated, and sulphur set free. On pouring into a 
bottle of the gas a little fuming nitric acid, mutukl decomposi- 
tion ensues, a bluish- white flame frequently appears, sulphur 
and nitrous acid fumes come into view, and water is generated. 
Chlorine, iodine, and bromine decompose it, with separation 
of sulphur, and formation of hydrochloric, hydriodic, and hy- 
drobromic acids. An atmosphere charged with hydrosulphuric 
acid gas may.be purified by means of chlorine in the Space of 
a few minutes.. ' ' 

Hydrosulphuric acid gas is readily distinguished from other 
gases by its odor, hy tarnishing sifver, with which it forms a 
sulphuret, and by the character of the precipitate which it pro- 
duce? with solutions of arsenious acid^ tartar emetic, and salts 
oflead. 

The mdst delicate test of its presence, wh^n diffused in the 
air, is moist carbonate of oxide of lead spread on white paper, 
which is instantly blackened by it. 

An amusing experiipent is performed by making some 
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drawings upon white paper with solution of some colorleiss 
metallic salt, as acetate of le'ad^ which will remain inviBibl^^ti^ 
introduced into an atmosphere containing hydrosulphuric acid 
gas, when they at once become of a dark l)rown or black* color. 
If tiie drawings have become dry,- the back of the paper should 
be moistened wit^ a y^et sponge before using them. 

500. Peraulphuret of Hydtogen. — ^This oompojind also possessijig acid 
propertier was JisCbyered by Scheele. It is properly bisulpharet of 
hydrogen. * It is not. a stable .compound, being easily decomposed into sq1< 

f^har and hydrosulphuric acid. At cdmmon temperatures it is' a visdic 
iquid of a yellovr color, and possesses n, density of about 1.77. 

Regarded as an 'acid the name Aj^foperniZpAaric acid has been 'proposea 
for it t . "^ . . ' . ^-y-^ ■ ' 

SULPHUR AND CARBON. 

There lb only one compound of these substances known, th^ 

Cktrbon, Sulphur, Equw, SymhoL 

Bisulphuret. 1 eq. + 2 eq.. . . . .38.32. . . , . .CSa. 

-501. Bisulphuret xif Car6on.-^This compound may be ob- 
tained by heating iii close vessels native bisulphuret of iron 
(iron pyrites.) witfe one-fifth of its weight of wdl-dried. char- 
coal; or by trans[nitting the vapor of sulphur over fragments 
of charcoal' heated to* redness in a tube of porcelain. The 
compound* as it is formed, sh9uid be conducted by means of a 
glass tube into cold water, at the bottom of which it is col- 
lected. To free it fropd moisture and adhering sulphur, it 
should be distilled at a low temperature in contact with phloride 
of calcium." a • - 

-Bisulphufet of caurbon is a transparent colorless liquid, which 
is remarkable- for~ its high, refractive power. Its' specific 
gravity: is 1.27. It has an acid, pungetat, and somewhat aro^ 
matic ta^te, and a very fetid odor. It is ; exceedingly vola- 
tUe; — its vapor at. 63.5° supports a column df mercury 7.36 
inohes long; and at 110° it enters into Brisk ebullition.; From 
its great^volatility it may be employed for producing intense 
cold. 

' If the bulb of a spirit-thermometer be coated with fine lint 
and moistened' with this substance, and then placed uiider the 
receiver lofanvBlr-pump, by working the machihe rapidly it 
may be made in a minute or two to sink to -^82°^ 

In consequence of its rapid evaporation it was formerly called 
alcohol of sulphur ; the name siuphocarbonic add ^as also been 
applied to it. * ^ 

5021 Bisulphuret of carbon isvery inflammable, and kindles 
in the open air at -a temperature scarcely exceeding that^t 
which mercury boils. It burns with a pale blue flame. Ad- 
mitted into a vessel of oxygen gas, so much vapor rises as to 
form an explosive mixture^ and when mixed in like manner 
with binoxide of nitrogen, it forms a- combustible mixture. 
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which ts kIndJed on the approach of a lighted taper, and biima 
rapidly, with a targe greenish- white flame of dazzling bri)Iianc]r. 
It dissolves readily in alcohol and etlwir, and is precipitated 
from the solution by water. It dissolves sulphur, phospborus, 
end iodine, and the solution of the latter has arbeautim) pink 
color. Chlorine decomposes it, with formation of chloride of 

This substance in manv of ita relations resembles carbonic 
acid, with which it is in fact exActly equivalent in composition, 
the two atoms of osygen of the carbonic acid (CO,) being 
replaced by two atoms of sulpliiir (CS,). - 
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rR0flPH(7BI», 

Symbol P ! E^'vat^ 15.7. 

503. pHOBPHORDs (ifaffnfps, bom ftuf, Ughi, and ^nw, to carry), 
so called from its property of seining in the dark, -was disco- 
vered about the year 16^, by Brandt, an alchymist of Ham- 
burg. It was onginalEy prepared (torn urine; but Scheele 
afterwirrds described a method 'of ol)taihing it from bones; 
which is now generally practisedL The txmes are "first ignited 
in an open fire till they become white, so as'to destroy their 
animal matter, and burftftway the Charcot derived from it, in 



will give the consistence of a thin 
paste. Decomposition of thephOBi 
phate of lime is thus "effected, and 
two new salts formed, the sparing-^ 
ly soluble sulphate, and a soluble. 
superph,osphate of lime. The lat- 
ter is then dissolved in warm wa- 
tCT, and the solution, after being 
separated by filtration from tlie 
sulphate of lime, Is evaporated to 
the consistence of synip, mixed 
with a fourth of Its weight of pow- 
dered charcoal, and introduced 
into an earthen retort a, which is 

E laced in a finTiaee, as represented 
1 figure 76 To the neck of the 
retort a copper tutte (-is adapted, 
the other extremity 4^ which dips 
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a little into the surface of watier contained iii a bottle which 
answers as a receiver. Any gas that forms escapes by a 
second tube inserted ip the stopper of the bottle. The heat ii^ 
gradually raised, and the phosphorus parses over in vapor 
through the copper tube and is condensed in the water. When 
fir^t obtained it is usually of a reddish-brown color, owing to 
the presence of pho'sphuret, of carbon formed during the pro- 
cess. It may be puri^ed by fusion in hot water, and being 
pressed while liquid through chamois-leather, or by a second 
dFstillatioh. ^ . • 

504. In this process the oxygen of that part of the phosphoric 
acid which constituted su];)erphosphate, tinites with charcoal, 
giving rise to carbonic acid and \;arbonic oxide gases; and 
phosphate of lime iiv the. state of bone earth, together with 
redundant charcoal, remains in* the retort. The lime acts an 
important part in fixing the phosphoric acid, which, if not so 
combined, would distil over before the heat was high enough 
for its decomposition. 

505. Pure phosphorus is transparent and^ almost colorless. 
At common temperatures it is a soft solid of specific gravity 
1.77; auid may easily be cut '.with a' knife* At 108° it fuses, and 
at 550® ii converted iiito vapor, which, according to Dumas, 
has a density of 4.35. . It is soluble by the heat in naphtha, in 
fixed and volatile oils, in the. chloride of sulphur, sulphuret of 
carbon, and sulphur^ of phosphorus. On its cooling from so* 
lution in the latter, Mitscherlich obtained it in regular dodeca- 
hedral crystals. By the fusion and slow coolii^ of a large 
quantity of phosphprus, it ha^ been obtained in very fine crys- 
tals, of an octohedral ft^m, and as large as a cherry-stone. 
Thenard has remarked that when phosphorus is fuseid at 150^> 
and suddenly co(^ec| by being plunged into cold water, it ap- 
pears black; but by fusion aiid slow cboling it recovers its 
original aspect.'*' 

506. Phosphorus is exceedinglv inflammable. Exposed to 
the air at common temperatures, if undergoes slow combustion, 
emits a white vapor of a peculiar alliaceous odor, appears dis- 
tinctly luminous in the dark, and is gradually consumed. On 
this account, phosphorus should always be kept under water. 
The disappearance of oxygen which accompanies these changes 
is shown by putting a stick of phosphorus in a jar full of air,, 
inverted , over water. The volume of the gas gradually di- 
minishes ; end If the temperature of the air is at 60^, the whole 
of the oxygen will be withdrawn in the course of 12 or 24 houra 
The residue is nitrogen gas, containing about t\{th of its bulk 
of the vapor of pho^harus. It is remarkable that the slow 

I I - — — * ' ' , ' ~ "^ 

* Phosphorus % manufactured tii large quantities in flpme parts of Europe^ 
In Paris alone it is computed about 300,000 poun^ are made annually.- 
Kane, ■ .- - 
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combustion of phosphorus does not take plaee in pure o-xygen^ 
unless its temperature be about 80*^. But if the oxygen be 
dilated with nitrogen, hydrogen, or carbonic acid gas, the 
oxydatiop occurs at 60° ; and it takes place at temperatures 
still lower in a vessel of pure oxygen, rarefied" by diminished 
pressure. ' . \ ' ' 

A very slight degree of heat is sufficient to infiame phospho- 
rus in the open air. Gentle pressure between the fingers^ fric- 
- tion, or a temperature not, much above its point of fUsion^ kin- 
dles it readily. It burns rapidly even in the air,.emittmg a 
splendid white light, and. causing intense heat Its combustion 
is far more rapid in oxygen gas, aAd'the light proportionally 
more vivjd. , , -- 

607.. There is some doubt concerning the' proper atomic 
weight of phosphorus, some believing it to be 16.7, as stated in 
the table (page 136), and others considering it 81.4, which is 
double the former number. Theeditor of the last (7th) edition 
of Dr. Turner's work, whom we follow, continues stiU to use 
the former number (15.7), but Kan^ adopts the latter (31.4). 

Phosphorus is not much used in the arts. Matches are 
however made of it, which ignite by^ltght -friction. * For this 
purpose, it is dissolved in glue. .In the chemical laboratory it 
is of very important service, -aad is some u^ed on medicine. 

• » • . *^ - 

PHOSPHORUS AND'OXYGBN.. 

.There are four compounds of phoisphorus and oxygen, all of 
which except the first are acids* Tfiey are as follows : 

Phoi^konu, Ojnygisn, ,' Equiv. SynMs, 

Oxide. of phosphorus. 3'eq. -f I eq.. . . .^.1 . . . .PgO 

Hypopfiosphorous acid. . . .^ eq^. -f- 1 fiQ. • • • • 39.*. . • . Pa^ " 

Phosphorous acid . ; '2'eq. 4- 3 eq. . . . .55.4. . , .P2O3 

Phosphoric acid . V.. ...... ..2 eq. -f 5 eq 71.4. . . . PaOs 

508. Oxide of Pho$phttru8.-^T\dB ojude'may be found by ibrcing a jet 
of oifygen upon phoephoras melted undoi: hot water ; and the red matter , 
left where phosphorus is burned in the open air, is prolmbly of the same 
nature. Oxide of phosphorus is permanent in the air, requiring a red heat 
to ignite it, but takes fire spontaneously in chlorine. It is probably the 
same substance which forms upon sticks of phosphoras exposed to the 
action of light in water. 

* 509.' Phosphor 0U9 Acid, — ^When phosphorus is burned in-^r highly rare- 
fied, imperfect oxydation ensues, and phosphoric and phosphorous acids 
are generated, the latter being obtained in the form of a white voSatile pow- 
der.. In this state- it is anhydrous. It dissolves readily in water, has a 
Sour taste, ifnd smells somewhat like garlic. The solution of phosphorous 
acid absorbs oxygen slowly from the air, and is converted' into phosphoric 
acid« -From its. tendency to unite wil^ an additional quantity of oxygen, 
it is a powerful deoxydizing agent; and hence, like sulphurous acid, pre- 
cipitates mercury, silver, platinum,'and gold« from their saline Qombinatlo|is 
in the metallic form. Nitric acid converLi it into phosphoric acid. 
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Fhqiphorous add ia also, generated during the slow ozydaiion of phoa- 
fhonu in atmospBefic air. The product which Hkewise ooiitaina phdsphorio 
acid, attracts nioieture from the air,. and forms an oil4ike liqtiid, whidi was 
formerly called ^^iosphatie acid, from the erroneous opinion that it is a 
distinct substance 

110. Pho9phoric AacJ.-^This acid is best prepared ftom the 
superphosphate of lime» obtained from calcined bones, in the 
manner desenfoed above (503). For this purpose the super- 
phosphate should be boiled .for a few minutes with excess of 
carbonate of ammonia. The lime is thus precipitated as a 
carbonate, and th& solution containis phosphate, together with 
a little sulplmte of ammonia. The liquid, alter nitration, is 
evaporated ^.di^ess, and then ignited. in a platinum crucible, 
by which means the aihmonia ana sulphuric acid are expelled, 
and the phosphoric acid remain^ behind melted^ but on cooling 
it solidifi^ into a cdorlesSi glass, jthe glacial pkosphoric acid, 

Phosphoi:ic acid may also 6e prepared by igniting a small 
l^eee c»^ phosphorus in air ui^der a receiver. By this process it 
is deposited in white flak^ on the inside of the glass and on 
the plate which supports it / / 

511. This acid has a. strQiiig affinity for. water, with which it 
forms three distinct coqiponnds, j^^p/io^e* cf watery the con- 
stitution of which is as follows :^ . 

Monobasic phosphate of wat^r P2O5, HO * 

Bibasic phosphate of wat^. ., .r.\ ...... . . .P2O5, 2HO 

I'ribasic phosphate of water PaOg, 3HO 

A solution of phosphoric acid in water may contain any one 
of these three phosphates of water, and when neutralized by 
bases, may therefore produce totally different salts.' The par- 
ticular phosphate of' water cpntained in solution in a given case 
will depend upon the manner in which it. has been prepared. 
It is necessary therefore thfit these compounds of water should 
be well understood. 

512. Monobasic Pho^hqiie cf Water,^^Th\s is i^imply phos- 
phate of water, composed of 1 equivalent of phosphoric acid 
and 1 equivalent ofwater. Its solution is stronglv acid, and if 
boiled, rapidly changes to bibasic or tri basic phosphate. It 
throws down altiumen in white eurds» and with nitrate of silver 
gives a greyish-white precipitate. • When neutralized by bases 
it forms salts which contain but one atom of base ; thus let X 
represent an atom of the base, the formula for the salt will be 
PaO.,, X This foim of the acid has been called met'aphospTiofic 
acid* ' 

513. Bibasic Phosphate of Water. — ]^basic phosphate of 
water is only another term fi>r disphoapliate of water, or a com- • 
pound of phosphoric acid and wftter, containing 1 equivalent 
of the acid to 2 eq. of water. . It may be prepared by decom- 
posing the diphosphate of lead by hydrosulphuric acid. In 
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solution with cold water it gradualTjr changes to triphosphate 
of water ; in boiling .water the change takes place with rapidity. 

ISfeutraJized wHh ammonia it gives a white granular preci^ 
tate with nitrate of silver^ by which it is characterized. Strong 
baseS) as the alkalies and metallic oxides, readily displace the 
water, aind combining with the cu^id, produce dissdts, whose 
formula (X, as before, representing an equivalent of the b^se), 
will be PaOij^ 2X. It is however to be remeirtbered, that these 
salts may contain only one equivalent Of fixed base, the qther 
bdng water ; the formula wfll then be PaOa, HO, X. This 
water requires aTed heat to expel it, while the -water of crys- 
talizatlon that may be present will require but a moderate heat 
to drive it off! Pyrophosphoric uctd \h the term formerly 
applied to this form dftheacicL 

614. TYibasic Phosphate of WcUer.^^This is the forni of phos- 
phoric acid contained in the class of phosphates most generally 
known. It is in feet a ttiphosphateof water; and is charac- 
terizerf by not precipitating albumen, byglving (if previously 
neutralized with ammonia), with pitrate of silver a yellow pre- 
cipitate, .and by combining with three equivalents of the bases, 
when fully neutralized. -If we let X repres^t an equivalent of 
base, as before, the formula for its salts when the acid is fuHy 
neutralized will be, PaOg, 3X. ^ 

In the tribasic phosphates, however, it frequently occurs that 
there is but a single -equivalent, of fixed bdse, the other two 
being water. Thus one tribasic phosphate "Df soda' is PaGg, 
2H0, NaO. Or there mav be present 2 equivalents of soda and 
1 of water, and then the formula.will be P^Oi, HO, 2NaO. The 
solution of the salt in this case possesses an acid reaetion.^ 

PHOrPHORUS AND HYDROGEN. 

There are. several pompouiids of phosphorus and hy- 
drogen, but ^ one only will be described in this work, the 
common 

Photphorus. Hydrogen, E^iv* . '- Symbol, 
Phosph'uretted hydrogen . .2 eq: -f 3 eq.. . . . . .34.4. ... .P3H3 

515. Phosphuretted Hydrogen, — There are several modes of 
preparing this .substance, which is always gaseous; but two 
methodic are chiefly adopted. The first consists in heating 
phosphorus in solution of caustic potassa or nallk of lime; by 
which waiter is decomposed; giving its hydrogen to one portion 
of phosphorus to form phosphuretted hydrogen, and its oxygen 
to another portion to produce hy pophosphorous acid. T he other 
method is to heat hydrated phosphorous acid, byy?hich water 
is decomposed and phosphoric acid and phoiq>huretted hydrogen 
produced. . . • . . 

The gas prepared by these dififerent methods possesses 
some very different proj^rties. When prepared by the first 
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?'«* '^' method, each bubble, 

AS it escapes into the 
air from the retort 
through the water of 
the pneuiQatic cistern, 
takes fire spontane- 
ously,and burns with a 
beautiful white flange, 
jforming a ringof phos- 
phoric acid, smoke, 
which widening as it 
ri^s niay ascend to a 
considerable height before it is broken up, if the air of the apart- 
ment is perfectly still. If the bubbles of gas are allowed to 
ascend into a receiver of oxygen gas, the oon^ustion is attended 
with explosion. 

516. Prepared by the second process, spontaneous combustion 
does not take place, as in the other case; but if set on fire, the 
gas burns with the same appearances. 

On analysis,, both, varieties* give exactly the same result. 
Prepared Jbyjeither method, the gas is transparent and colorless, 
and of an oflfensive odOr and bitter. taste.* Its specific gravity 
is 1.18, and 100 ciibic^ inches wei^h 36.75 grains. It is not a 
supporter of combustion, and is destructive to animal lile. 
Water absorbs it iiji small quantities. 

517. The two varieties of this gas were formerly considered 
isomeric ; but it is now Believed the apparent difference of pro- 
I)erties arises firpm the presence of a minute quantity of some 
foreign, substance accidentally occasioned in one or the other 
by the peculiar method of preparation. Thus it is found that 
the spontaneously inflammable variety loses this property if a 
small qiiaixtity of the vapor of ether or of the essential oils is 
present; and, on the oth^hand, the second variety becomes 
spontaneously inflammable by the introduction of a very minute 
quantity of nitrous acid or nitric oxide. 

PHOSPHORUS AND SULPHUR. 

518. Sttlphurei qf Phoaphorus. — Phosphoras and sulphur combine when 
scrfphar is brought 2n conUict with fused phosphorus, but in proportions 
wmdh have not been.dietermined.'^ The experiment should never be made 
with more than 30 or 40 grains t>f phosphorus, nor the temperature raised 

* Those who have observed the odor of this gas, and that off the liquid 
emitted by (he American skunk {Mej^Uis Americana) when disturbed, can- 
not but have noticed the resemblance between them ; which seems to render 
it probable that the fluid emitted by the skunk contains, in solution, a por- 
tion of the ^, or some other nearly related compound of the sanie sub- 
stances. This is ren^red still xnore probable from the*fact, that the fluid, 
when emitted by the animfil in the aafk, is distinctlypAoflpAorMfien^ — Stt 
Godman's NaiMral HuUfry, voL 1, 289. Philadelphia Edition, 1829. 
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«bove 160^ ; and, even then ezptoflioiui williometiiBes US^e place. This ooiii* 
pound ia ex^aedin^y combuatible, aa we abonld jodfa from the nature of 
ita elementa.^ Itia much more fuaihfe than phoaphorua. ^ - 
. Phoaphorua combines with nitrogen, but the oompounda are not hera 
deaeribed* 
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Symbol B; Eqwvaient 10.9. 

bl9. Boron was first obtained by Davy in 1807, hy exposing 
boracic acid to the action of a powerful eaJvanic battery, and 
afterwards by Gay-Liissac and;Thenarc^ by heating boracic 
acid with potassium. For ordinary experiments, -it may be 
obtained of sufficient purity by heating a small portion of borax 
in fine powder; with one-tenth of its weight of cbar6oal,"in a 
gun-barrel, and washing the powder ' obtained with liydro- 
chloric acid and water. The ^ borax should be ilrstlieated, to 
6xpel all the water it contains. ' • ' 

Boron is a dark olive-colored substance, which h^s neither 
taste nor smell, and is a non-c.onductdr of electricity. It is in- 
soluble in water, alcohol, ether; and oils. It does not decom- 
pose water whether hot or cold. It bears intense heatt^in close 
vessels, without fusing or undergoing any other change except 
a slight increase of density; Its specific gravity is about twice 
as great as that of water, it may oe exposed to the atmosphere 
at common temperatures^ without change ; butjf heated to 600® 
it suddenly takes fire, oxygen gas disappears, and boracic acid 
is generated. It ali^o passes into Iboracic acid when Seated 
with nitric acid, or with ahysubsfance that yields oxygen with 
fecility. 

BORONAND OXYGEN. 

There is but one compound of these substances known, 
which possesses acid properties, and is constituted as follows : 

Bmnn. Oafygtn, Bmm, SmboL 
^ Boracic acid» - 1 ^. + 3 eq 34.9. . . .BO3 

520. Boraeic Add. — This acid is. found as a natural product 
in the hot springs of Lipari, and- in those of Sasso in the Floren- 
tine territory. It is a constituent of several minerals, among 
which the datholite and boracite may in particular be men- 
tioned. It occurs much more. abundantly under the form of 
borax, a native compound of boracic acid and^soda. It is pre- 
pared" for chemical purpose^ by adding sulphuric acid to a 
solution of purified borax in abput four times its weight of 
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boiling water, tm the liquid a<;quires' a distinct acid reaction. 
The sulphuric aoid unites with the soda f and the boracic acid 
is deposited, when the soruti6n cools, ii> a confused group of 
shining ^scaly cr3rstals. , It is^ then thrown on a filter, washed 
with cold water to separate the adhering sulphate of soda and 
sulphuric acid, and still. farther purified by solution in bcriling 
water and re-crystalii^ation^ But even after this treatment it is 
apt to retain a little sulphuric acid; and on this account, when 
required to be absolutely pure, it should be fused in a platinum 
crucible, and once inore dissolved in' hot water and crys- 
talized. 

5^1. Boracic acid in this state is a hydrate, which contains 
43.6^ per cent, of* water,, being a ratio of 34.9 parts or one 
equivalent of the anhyc^ous acid to 27 parts or three equiva- 
lents of water. This hydrate dissolves in 25.7 times its weight 
of water at 60®, and in. 3 times at $212^. Boiling alcohol dis- 
solves ft freely, and the solution, when set on fire, burns with 
a beautiful green fiame ; a test which affords the surest indica- 
tion of the presence of boracic acixL Its specific gravity is 
1.48.: ' . . , '■•• 

Boracic acid has no odor and hut Httle taste, which is' bitter 
rather than acid. It reddens litmus paper, and slightly changes 
the color of turmeric paper to two wn, precisely like the alkalies. 

Boron is not known t^ unite with any other of the substances 
heretofore'descrlbed^except^hy^rogen^ with which it forms a 
gaseous compound of Utile importance. 
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aiiiicoN. 

BymM Bi;, Eqmvaifini 22.51. 

^22. THAT«ilica, or, as it is now generally considered, sfficic 
acid, is composed of a combustible substance united with oxy- 
geui was demonstrated by Davy; but pure silicon, Jhe base of 
silica, was first obtained by Berzelius in 1824. 

It was first considered a metal, and called silicium, hut is 
now- generally ranked among non-metallic substances, and 
designstted by the name at the heajl of this article. 

523;_ To prepare silicon a somewhat complex substance is 
selected, the double fluoride of silicon dnd potassium, which is 
a white" J>owder like starch; 

When this compound is heated in a glass tube wifh potassium, 
by means of a spirit-Jamp, the fluorine combines with the po- 
tassium, and the silicon is separated from the mass by washing 
with water. To htve th6 silicon perfectly pure, several pre- 
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ng. 38. cautions are to. be observed whicb nee<l 

not bera be detailed. Obtained in this 
manner, silicon is a pow.der ef a dark nut- 
brown color, without the. least trace of 
metallic lustre : and is a non-conductor of 
heat and electricity. It stains the fingers, 
and adheres te •everything that .comes in 
contact with it ; and when heated in the 
atmosphere .pr oxygen gas, 'it takes fire 
' and* burns, with rthe formation of silicic. 
^ acid. , , . \ 
In close vessel?, silicon, like cl^ajrcbal and 1)or6n, is^ capable 
of enduring a very high temperature without fusion, but is 
rendered harder and more .compact It is 'now incombustible, 
even when highly heated iia the air or in oxygen gas, and is 
unaffeipted by the blowpip^ ieven in ccJ^tact with djtforate of 
potassa. Its specific g^|ra.vityls &bove that of sulphuric acid, 
since it readjly sinks m it.^ Thomson supposes the change is 
produced by the expulsion of the hydrogen which was before 
imited with it Berzelii^s^is of opinion, that a change in the 
aggregation of the "particles is^produced by the heat 

SILICblir 'AND OXtGBN. 

The only compound of silicoh and ioxygen. known is silica or 

sUicic acid, which is composed as fonows-: 

-• ..-•■ •. 

. " SUieifn. Oxygen,' Equw,^ StmboL 
Silicic acid 1 eq. + 3 eq. . . .'.46.5. . . . ^JO, 

524. 'SiHcic Acid, — This compound, ki\own also by the names 
of silica and aUiceous e&rth, . exists abundantly in nature. It 
enters into the oomposition of most of the earthy minerals; 
and under the name of quiirtz rock, forms independent moun- 
tainous masses, jt is the chief ingredient of sand-stones^ flint, 
calcedony, jock-erystal, and other analogous substances; It 
majr indeed he procured, of su^qient purity for most purjxKies, 
by igniting transparent specimens of rock-crystal, throwimsf 
them while red-hot into water, and then reducing th.em to 
powder. - 

Pure silicic acid, in this state, is a light white" powder, which 
feels rough and dry when rubb^ between the -fingers, and^ is 
both insipid and inodorous. :It is fixed m the fire,tuid very 
infiisible; but fuses before the oxy-hydrogen blowpipe witn 
greater facility than lime or magnesia. 

In its solid form silicic acid is quite insoluble in water ; but 
Berzelius has shown that if presented to water while in the 
nascent state, it i; dissolved in large^qtipgitity. On evaporating 
the solution gently, a bulky gdatinous hydrate separates, 
which is partisdly decomposed by a very moderate temperature, 
but does not part with all its water except at a red heat 
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525. Silicic acid has, no* action on test paper ; bpt in all its 
chemical relations, it manifests the properties <^ an acid, and 
displaces (Carbonic acid by the aid of heat from the alkalies. Its 
combinations with the fix^ alkalies are effected by mixing 
purp. sand with carbonate of potassa or soda, and heating the 
mixture to redness. During the process, carbonic acid is ex- 
pelled; and a -silicate Of the alkali is generated. The nature of 
the product depends up6ti the pfoportlotts which areemplojred. 
On igniting one part of silicic acid With th^ of carbonate of 
potassa, a vitreous mass is formed, which is deliquescent, and 
may be dissolved completely in water; is therefore sometimes 
called solubV^ gla^. The tolution has been called liquor 
slUcum; it has an alkftline reaction,' and absorbs carbonic acid 
on exposure to the atmosphere, by which it is partially decom- 
posed.. • - . . 

But if the proportion of silicic l^cid and alkali be reversed, 
a transparent brittle compbund results, which is insoluble in 
wafer, IS ctttacked by none of the acids excepting the hydroflu- 
oric, and possesses the weH-known properties of glass. Every 
kind, of ordinary glass- is^^ silicate, and all its varieties are 
owing to differences in the proportion of the constituents, to 
the natureof the alkali, or to the presence of foreign matters. 
Thus, green bottle glass is made of impure materials, such 
as river sand, which contains ii'on, and the most common 
land of kelp or pearl ashea. Crown glass for windows is 
made^ of*a*purer atk9ti, tod sand which is free from iron. 
Plate glass, for looking-glasjses, is composed of sand and alkali 
in th6ir purest staf^;' and in the formation 6f fliAt glass, beside 
these pure ingredfent% d. copsiderabie quantity of litharge or 
red leid is employed. A sijaall portion of peroxide of man- 
ganese is also used, in order to oxydize carbonaceous matters 
contained in the materials of the. ^assv^^hd, nitre is son^etimes 
added with the same Intention. Ordinary flint' gfoss -contains 
.51.93 per cent, of silicic aci^, 33.28 of oxide of lead, and 13.77 
of potassa ; proportions which correspond to 1 equivalent of 
potassa, 1 equivalent of oxide of lead, and nearly 4 equivalents 
of silicic aoid» Flint glass, accordingly, is a double salt, con- 
sisting chiefly of bisilicate of pdtassa and bisilicate of oxide of 
lead. 

^6, Silica is applied in the art* to s<%yera] important pur- 
poses, as in ihe mani:^cture of glass and porcelain ware. 
Mixed with hydrate of lime it constitutes common mortar, 
but united with it In certain proportions in thr form of clay, 
it constitutes water cement, which is capable of hardening 
under water. 
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SECTION IX. 
SELENIUM, 

Symbol Se; Equivalent 39.6. 

527. This substance was ^st discovered 5y Berzelius in * 
18'13» who gave it its present nanie, frpmEtT^y the moon. 

It was first ' detected by him in a manufactory of sulphuric 
acid^in which the sulphur used was obtained -from the iron 
pyrites (a native compound of if on and sulphur), of Fahlun in 
Sweden. It is found combined with; sulphur in BOme of the 
volcanic products of the Lipari islands, and also in union with 
several of the metals, as lead, silver, cobalt, mercury, and cop- 
per in the Hartz mountains. In the United States it has, been 
discovered in one er two ' localities associated with iron 
pyrites.. From these compounds it is obtained by a complicated 
, process. 

528. Selenium, at common, temperature^, is a brittle, opaque solid,, with- 
out taste or odor. It has a me'tallic lustre, aiid the aspect of lead when in 
mass : but it is of a deep red dolor ;when reduced to powder. Its specific 
gravity is 4.32. At 21 2<^ it soflens;> and is then.ro tenacious Ihat it may be 
drawn out into fine threads which are transparoi.t, and appear red by trans- 
mitted light It'beoon^es quite. iSuid at & temperature somewhat above that 
of boiling water. It boils at about 650^,. forming a vapor which has a ddep 
yellow c^or, but is fi^ee fi^om odor. It may J£b' sublimed in close vessels 
without change, and condenses again into dark globules ora jnetallic lustre, 
or as a cinnabar-red powder, s^ccording as ^he space in which' it collects is 
small or large. Berzelius at first regarded it a» it metal; but, since it ii an 
imperfect ccmductor of |ieat and electricity^ it more properly beldAgs to the 
class of the simple non-metallic bodies. 

. Selenium, is insoluble in water. It suffers no change from n^ere exposure 
to the atmosphere ; but' if heat^ in the open air, it combines readily with 
oxygen, and two compounds, oxide of seljsnium and selenioiis acid, are 
generated. If exposed to the oxydizing part of the blow-pipe flame, it 
tinges the 'flame with a light blue \eblor,'and exhtiles 40 strong an odor, of 
decayed horse-radish, that ^th of a grain is said to be sufficient to scent 
the air of a large apartment By this chaO'aoter the pres^ce of selenium, 
whether- alone or in combination, may always be> detected. 

529. Selenium combines with oxygen in three. proportions,. forming an 
oxide and two acids, the selenious and sel^nic, the last of which is in com- 
position and many of its properties exeeedingly an&logous to sulphurio 
acid ; and the same Resemblance is observed in tlfe salts formed firom these 
acids. ■ , - . 

Selenium also enters into combination with hydrogen, sulphfu% an^ pboe 
phoms. With hydrogen it forms iiydroselenic acid. 
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SECTION X.. ^ ^ 

CHLORINE. 

Symboi CI; Eqidvalent 35.42. 

530. Chlorine was discovered by Scheel^, in the year 1774, 
and called by him dephlogistieatecL marine acid. For many 
years it was considered a compound of muriatic acid and 
oxygen, and wa^ heac^ called ojcy-muriatic acid, but at the 
present time it is universally regarded as a simple substance. 

. • ■ FSf.79. : Chlorine gas is obtained 

by the action of hydro- 
cl^oric acid on peroxide 
of manganese. Jhemost 
convenient method of pre- 
l>ar|ng it is by mixing 
coneentrated hydrochlo- 
ric aicid, contained in a 
glass' flask, with h^lf its 
weight of finely powdered 
peroxide of manganese. • Effervescence, owing to the escape 
of chlorine, takes place ^ven in th^ cold ; but the gas is evolved 
much more frefely by the application of a moderate heat. It 
should be collected.1n inverted ^lass bottles fiHed with warm 
water; and when the \ifateriS'WnoUy displaced by the gas, the 
bottles should be closed with a well-ffroand glass stopper. As 
some hydrochloric acid gas cominomypasses over with it, the 
chlorine should notf be considered quite pure,' till after being 
transmftted through wat^. ' 

531. The theory of this process will b<9 readily understood by 
first viewing the elements which act on each other, by means 
of the following formula : MnO^, 2HCl=MnCl, 2H0+C1. 

It will be seen therefor^ that 2 equivalents of hydrochloric 
Acid and 1 equivalent of peroxide of manganese yiejd 1 eq. of 
(Aloride df nwihganese, 2 bf Water, and 1 of free chlorine. 
The affinities Which determine these changeis are the mutual 
attraotioirof oxygen and hydrogen, and of chlorine and man 
ganese^ • ' - 

By making uise of the equivalent numbers of the' several 
substances employed, we may easily determine the propor- 
tions of each to be used, in ord^r to prepare a given quantity 
of chlorine. 

When only a small quantity of the gas is desired, it may be 

collected sumciently pure in the following manner : Let a be 

the vessel containing the materials from which the chlorine is 

evolved, c that in which it is to be collected. If the tube by 

%whiph thfe gas enters is made to terminate near the bottom of 
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***^- ^- the receif er, as in fig. 

80, the chlorine, in ci>n- 
sequence of its greater 
specific gravity, will 
gradaally. lift the air 
and- at length entirely 
displace "it, just as a 
stream of water, intro- 
duced in a similar man- 
ner.into a yeissei of oil, . 
would entirely expel it 
and take Its place. 

When it is an object 
to prepare chlorine at 
the cheapest rate, as 
for the purposes of 
toanufactuire, the pre- 
ceding process is modified in the foUowin^ manner ;r-^Three' 
parts of sea-salt are intimately mixed with one of peroxide of 
manganese, and to this mixture two parts of sulphuric acid, 
diluted with an equal weight of .water, -are added.. -By the 
action of sulphuric acid on sea-saK, hydrochloric acid is 'disen- 
gaged, which reacts, as in the fofmer c^ase, upon the peroxide 
of manganese; sa that, insteis^d of addiiig hydrochloric acid 
directly to iJie manganese, the materials for forming it .are em- 
ployed. In this process, however, the sulphates of soda and 
protoxide of manganese are generated, ii^stead of chloride of 
manganeise. The chemicAl changes ihat t^ke j)Iace are exhi- 
bited in "the formula whicIT follows ; the symbols on the left pf 
the sign = representing" the substances. before the aption takes 
place,- those on the right, the results of the action. Mn0.j,-|- 
NaCl-f 2S03=MnO, SOg-f NaO, 'SOs+Cl. 

532. Chlorine (fi^'om^^jua^oj, green^) is a yellowish green colored 
gas, which has .an astringent taste and a disagreeable odor. It 
is one of the most suffocating of the g^ses, exciting spasm and* 
great irritation of the glottis, even when considerably diluted 
with ajr. Its density at the usued temperature and pressure is 
2.47, which gives 76.59 grains as the weight of 100 cubic inches. 
Under the pressure of about four atmospheres, it is a limpid 
liquid of a bright yellow color, which does not fi*eeze at the teni- 
perature of zero, and which assumes the gaseous form with the 
appearance of ebullition when the pressure is removed. This 
liquid is a non-conductor of electricity. . ' 

Cold recently boiled water, at the common pressure, Eibsorbs 
twice its volume of chlorine,- and yields it again when heated. 
The solution, which is made by transmitting .a current of chlo- 
rine gas through cold water, lias the color, taste, and most of 
the other properties of the gas itself. When moist chlorine ^as 
is exposed to a cold of 32^, yellow crystals are formed, which 
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consist of 3$;42 parts or'one equivalent of chlorine, and 90 parts 
or ten equivalents of water. 

533. Chlorine experiences no chemical change from the action 
of the ihiponderables. Thus, it is not afifected ^shemically by 
intense heat, by strong shocks of electricity, or by a powerful 
galvanic battery. Da v^. exposed it* also to the action of char- 
coal heated to whiteness by galvanic jelectricity, without sepa- 
rating oxygen from it, or in any way affecting^ its nature. It 
is therefore with propriety considered a simple substance. 

Chlorine Unites with some substances with evolution of heat 
and light, and is hence terme4 a supporter of combustion. If a 
lighted taper be plunged* into chlorine gas, it burns for a short 
time with a small red flame, sifid emits a large quantity of 
smoke. Phosphorus takes ^e ii^ it spontaneously, and burns 
with ,a pale white li^ht' SeveraiJ of the metals, such as tin, 
copper, arsenijc, antimony, and zinc,- when introduced into 
chlorine In the state of powder oV in fine leaves, are suddenly 
inflamed. In all these qases the combustible substances unite 
with chlorine. 

534. Chlorine^ has a very powerful- attraction for hydrogen ; 
when mixed together in the difiused. light of day, they gradually 
combine. By Exposure to the Hirect rays of the 3un, or by the 
approach of an ignited bodyVor the electric spark, they explode. 
Indeed many of the chemioarpher\omena to which it gives rise 
are owing to its affinity for hydrogen. A striking example is 
its power of decomposing water by the^a'ction of light, or at a 
red heat; aridniost compound substances, of which hydrogen 
is an element, are deprived of that principle, and therefore de- 
composed in like manner. For the same reason, when chlorine, 
water, and some other body which lias a, strong affinity for 
oxygen, are presented to one another, water is usually resolved 
into its elements, its hydrogen attaching itself to the chlorine, 
and its oxygen to. the other body. Hence it Jiippens that 
chlorine is, indirectly, one pf the most powerful oxydizing 
agents which we. possess. ... 

If a piece of papier be moist^ed with spirit of turpentine, and 
suspended l)y a wire in a bottle of pure, dry chlorine, the tur- 
pentine, will take fire and bum, the hydrogen combining with 
the chlorine, and the carbon being precipitated. 

535. When any compound of cMorine and an inflammable is 
exposed* to the influence of galvanism, the inflammable bddy 
goes over to the negative, and chlorine to the positive pole of 
the battery., This establishes a close analogy between oxygen 
and chlorme, both of them being supporters of combustion and 
both negative; electrics. 

One of Ihe most important properties of chlorine is its bleach- 
ing power. All animal and vegetable colors are speedily re- 
moved by it; and when the. color is^once dischargev\ it can 
never be restored. But it cannot bleach unless water is present 
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Thus dry litmus paper supers no chanj^e in dry chlorine ; but 
when water. is admitted, the color speedily disappears. It is 
well known also, that hydrochloric acid is always generated 
when chlorine bleaches. From these fects it. is Inferred that 
water is decomposed during the process; that its hydro^n 
unites with chlorine, and that decQmiK)sition of the colonng 
matter is occasioned by the oxygen which .is liberated. 

Kane, however, contends that the presence of water is not 
always necessary, if indeed it ever is ; but that* the chlorine 
enters into the constitution of the n^w substance formed by 
the destruction of the coloring matter, sometimes combining 
directly with it or rejplacing hydrogen contained in it, and at 
others producing a more cppiplex inaction, the different stages 
of which have not been traced. .From its action on organic 
matter, chlorine is, extensively employed as a > disinfecting 
agent, to remove the infectious miasmcv and offensive effluvia 
with which the atmospheres of ho^itals, sewers, and other 
places, are often loaded. For this'purpose it is desirable that 
the gas should be evolved slowly but continuously, which is 
tolerably well accomplished, by simi^y. putting ^some bleaching 
salt moistened with water in^a shallow vessel and placing it in 
as higtra position as possible^^in the toom'to be fumigated. If 
some sulj^huric acid is allowed gr^ually to. fall upon it from a 
dropping tube, the gas will be evolved more rapidly. 

536. Chlorine is in general easily recb^ized bv its color and 
odor. Chemically it may be detected by its bleaching property, 
added to the circumstance that a solution of nitrate of oxide 
of silver occasions in it a dense white precipitate (a compound 
of chlorine and metatlic silver), which becomes dark t>n expo- 
sure to lighti is insoluble in acidi^ and dis^lves completely in 
pure ammonia. When combined with a metal, its solution 

fives the same kind of precipitate of chloride of silver, but the 
leaching properties amd smell are absent 

CHLORINB AND O'^CTGfiN,. 

587. Chk)r]ne and oxygen combine in four different propor- 
tions, forming compounds, the leading characteristic* of which 
IS derived from the circumstance thatt:hloriBe and oxygto, the 
attraction of which for most elementary substances' is so 
energetic, have but a feeble affinity for each other. These 
principles, consequently, are never met with in nature in a 
state of combination with each other. Indeed, they cannot be 
made to combine directly; and when they do unite, very slight 
causes effect their separaUon^ 

Chemists have not been entirely agreed as to the number tii 
these compounds, but recent experiments have fidly established 
the existence of four as above mentioned, all of which are 
to be regarded as acids. Their names bjoA constitution are as 
follows: - ' ^ 
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.C^Utrine. OiDjfgfn. Uqniv, 8ytnM$. 

, HypochJorous acid 1 eq. .+ 1 eq. * . .43.42. . . .CIO 

Chloroas acid..^...^. 1 eq. 4- 4eq....67.42....C104 

Chloric acid., ..«....! eq. + 5eq...'.75.42....C105 

Perchloric add. ....••%,.•. 1 eq. 4- 7 eq. . .'.91.42. . . .CIO7 

5^. Hypeehlormui Add, — If a eonent of cUorine is passed through a 
nrehydrated aUuli or alicaline earth, combination taikes place, and a bleach- 
ng sabfifance is obtained which has i^enerally, been* considered as a direct 
oompoand of phlorine and the alkaline base, bat recent experiments show 
that it is a miztare of a flietalHc chloride and the hypochlorite of the base 
jse<L From this hypochlorite the add in question is obtained as a trans- 
parent liquid of a slightly yellow color.' 

The pare aeid is' beftter prepared by pooriog a small quantity of water 
with hairits weight of the red oxide of mercary into a yial of chlorine ; the 
gas, by a little agitation, is entirely abeorbed, forming bichloride of mer- 
eory and hypodiloroos acid, acoordiii|f to the foUowing formula : HgO-f- 
4ClssHgCl'Hh2C10, The hypochlorous acid being yery volatile may be 
distiUed at a low temperature and obtained pure exoept that it is diluted 
with water. It has also been obtained in a gaseous state. 
, This acid posilesses a strong and penetrating odor, but different from that 
of chlorine. It is highly corrosive to. tbe^esh, acting much like nitric acid, 
but more energeticu^. .In a concentrated state it is Tery easily decom- 
posed, which effiM^ is prpduosd by the direct nym of the sun, b^ a slight 
elevation of temperature, and'hy a variety of other causes. It is one of the 
mos$ powerful oxydizing agents known, aAd possesses strong bleaching 
properties. 

The gas discovered by Davy ip 1811, and described by him under the 
lame of euehhriue^ and by others' as pra^tmde of ehtorine, is jRHind to be a 
mixture of chlorine, and cluorous i^d, the compound which is iiext to come 
oefore us for examination; ^ - 

539. CA2orotts ilcid.^— This compound Was discovered by D&vy* in 1815^ 
Mid has generally been described under the>name- of peroxide of chlorine, 
but is now ranked among the adcb, as it is' proved^to form definite com- 
pounds with the alkaline bases.: 

Chlorous aotd is formed by the action of. salphuric acid on chlorate of 
potaSsa. A quantity of this salt, not exceeding 50 or 6(1 grains, isreduoed 
k> powder, and made into a paste by the addition of 8tron|[ sulphuric acid. 
The. mixture, which acquires a deep yellow color, is placed m a glajBs retort, 
and heated by warm water, the temperature of whicn is kept under 212^. 
A bright yeHowish-green gas of a richer color than chlorine is disengaged, 
which has an aromatic odor withou^t any tmell of chlorine, and which is ab- 
sorbed rapidly by water, to which -it communicates its tint This gas is 
chlorous n^oid. It may be collected over mercuryr or, from its great d«isity, 
like chlorine (531) in a-dyy jar. - . , 

The chemical changes which tako place in the process are Explained in 
the following manner. The sulphuric acid decomposes some of the, chlorate 
of potassa, and seta cMoric acid at liberty. The chloric acid, at the moment 
of separation, resolves itself into chlorous acid and oxygen ; the last of which, 
instead of escaping as free oxygen gas, goes, over to the acid of some onde- 
oomposed chlorate of potassa, and converts it into perchloric acid. The 
whole products are bisulphate and perchlorate of potassa and chlorous 
add. 

18 ^ • 
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Chlurooa aeid destroys ipost vegetabie blue colon, without prof iomljr 
reddening them. Phbephorus takjis fire spontaneoasly ia it, and bums 
with great brilliancy in the mixture of chlorine and oxygen produced by ita 
decomposition. The combustion of phosphorus may even be effected xindeg 
water by it This is done by placing some crystals- of chlorate of i)oti|8sa, 
and pieces of phosphorus together at the bottom of a tall glass filled with 
water, and conducting to the mixture some sulphuric iicid oy means of a 
glass funnel ; as each bubble of chlorous acid is liberated, it produces a 
rapid and brilliant combustion of the phosphorus. It jexplodes violent]/ 
when heated to a temperature of 212^, and emits a strong light 

^ Chlorous acid unites readily "with the alkalies, and alkaline earths, by 
passing a current of the gas through their solutions, which may thus b6 
rendered perfectly neutraL .' - ! ' . • . 

540. Chloric, Add.^ f B. current of chlorine t>e transmitted 
through a strong solution-.of potassa, -a portion of the alkali is 
decomposed, and chloride of potassium, and hypochlorite of- 
potassa, are formed. If the solution is now heated to the boil- 
ing point, this latte!" salt is decomposed, and after some further 
complicated changes^ there are contained in the solution 
chlorate of potassa, and chjpride of potassium. 

When to a dilute solution of Jchlorattf of baryta, weak sid- 
phuric acid, exactly sufficient for combining, with baryta, is 
added, the insoluble sulphate of bapyta subsides, add pure 
chloric acid remains in the liquid.' . 

Chloric acid reddens vegetable blue colors, has a sour taste, 
and forms neutral salts, called chlorates, (formerly hyperoxy- 
muriates,) with alkaline buses. It possesses no bleachmg pro- 
perties, a circumstance b^ which it is distinguished from chlo- 
rine, tt gives no precipitate .iq solution of nitrate. of oxide 
of silver, and henpe cannot be mistaken for hydrochloric acid. 
Chloric acid is easUy- decomposed by deoxydizing agents. 
Sul^hufous acid, for instance, deprives it of oxygen, wiui for- 
mation of sulphuric acid and evolution of chlorine. By the 
action of hydrosulphuric acid, water is generated, while sulphur 
and chlorine are s^t free. 

541. Perchloric Add, — ^The saline ^natter which remains in' the retort 
aJR^r forming chlorous acid (53d) is a mixjture of perchlorate and bisulphate 
of potassa; and by washing it with cold 'water, the bisulphate is dissolved, 
and the perchlorate is lefl. Perchloric acid may be prepared from this salt 
by mixing it in a retprt with -half its weight of sulphuric acid, diluted with 
one^third of water, and applying heat to th& misture. At a temperature of 
about 284° white vapors rise, which condense as a colorless liquid in the 
receiver. This is a solution of perchloric acid. • 

CHLORINE AND HYDROGJJN. 

■ There is only one compound of hydrogen and chlorine, as 
follows: 

Chlorine* Ihfdrogen^ Equiv, Sj/tnbol. 

Hydrochloric acid.... ....1 eq. + 1 eq...... 36.42..... HCl 
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542. Hydrochloric 4cfd,V-This substahce exists naturally 09 
a. gas, a solution of Vhich in water has been known from 
remote ages under the name of wwriafic acid,' or spirit of salt. 

It >vas. discovered in.its*pure forqfi of gas by Priestley, in 
1772, and may be conveniently prepared l)y putting an dunce 
of strong hydrochloric acid solution into a glass flask, and 
heating it by means pf a lamp till the liquid boils, wfcen the gas 
is freely evolv»\l, arjd may be collected over mercury. Another 
method of preparing it is by the action of concentrated sul- 
phuric acid oa an equal weight 'of sea-salt. Brisk effervescence 
ensues. at the moment of making the mixture, and on the appli- 
catldh' of heat, a large (Quantity, bf hydrochloric acid gas is dis- 
engaged. In the former process, hydrochloric acid, previously 
dissolved in water^' i^ simply expelled from the solution by 
heat. The explanation of the latter process is more compli- 
cated. * Sea-salt was formerly supposed to be a compound of 
hydrochloric acid and soda;, and on this supposition, the soda 
was believed me|;ely to quit the hydrochloric and unite with 
sulphuric acid. But. recent researches have proved that it 
consists of chlorine and podium combined in the ratio of their 
equivaJentS. The nature of its action with sulphuric acid will 
be understood by comparing the elements concerned in the 
change before and after it has 'occurred, by means of the for- 
miila: SOa, HO-|-NaCl=NaO, SOjHrHCl. . ' 

, Thus it appear^ that single equivalents of water, sulphuric 
acid, and chlojcide of sodium, yield sulphate pf soda and hydro- 
chloric acid. The 'Water of. the sulphuric acid is essential; so 
much 1^, indeed, ihat ehloride of scdium i^ Eot decomposed by 
anhydrous sufphuric acid • . 

543. Hydrochloric acid may be genersited by the direct union 
of its elements. When equal measures df chlorine and hydro- 
gen are mixed together, and an electric spark is passed through 
the mixture^ instantaneous combination takes place,' heat and 
light are emitted, and hydrochloric acid is generated- A similar 
effect is produced by flame, by a red-hot body, and by spongy 
platinum. Light also causes them to unite. A mixture of the 
two ^ases may be preserved without change in a dark place; 
but ir exposed to the diffused light of day, gra'dual combination 
eiisues,^ which is completed in the course of 24 hours. The 
direct solar ray; like flame and the electric spark, produces an 
explosion by a sudden inflammation of the whole mixture; 
but to insure the success of the experiment, the gases should 
be vefy pure, and the chlorine- recently prepared over warm 
water. The glass vial containing the. mixed gases,- af^er being 
filled, should be instantly covered with a black eloth, which 

an be suddenly remroved by a stick or wire after it is placed 
n the sun's ray^. < . 

As equal volumes of the gaseis combine without any change 
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of voJnrae, the specific gravity of the compound formed must 
be 1.27, and 100 cubicinches will of course weigh 39.38 grs. 

S^4. Hydjrochloric acid gas is colorless*, and has a -pungent 
udor and an acid taste, xinder. a pressure of 40 atmospheres,, 
and at the temperature of 50°, it is liquid. It is quite irrespira- 
ble, exciting violent spasm of the glottis ; bjut when diluted with 
air, it is far less irritating than chlorine. All burning bodies 
are extinguished by it, nor is the gas itself inflammable. 

It is not chemically changed by mere hej^ but- is readily de- 
composed by galvanism, hydrogen appearing at the negative, 
and chlorine at the positive pole. It is also decomposed by 
ordinary electricity. The decomposition, however, is incom- 
plete ; for though one electric, spark resolves a portion of the 
gas into its elements, the next shock in a great measure effects 
their reunion. It is not affected by oxygen under common cir- 
cumstances; but if a mixture oT oxygen and hydrocMoric acid 
gases is electrified, the oxygen Unites with the hydrogen of the 
acid to form water, and chlorine is set h,t liberty. . 

One of the most striking, properties of .hydrochloric ^cid gas 
is its powerful attraction for water. A dense white cldud ap- 
pears whenever it escapes into the air. Owing to its combining - 
with the aqueous vapbr of the ^tmo$phere. When a piece of 
ice is put into a jar full of the gas confined over mercury, thp 
ice liquefies on the instant, and the whole of the gas disappears 
in the course of a few seconds. .On opening a long wide far 
of hydrochloric acid gas under water, the absorption of the 
^as takes place so instantapeously^, that the. water is forced up 
into the jar with th^ skme violence as into a* vacfvund. * 

The liquid hydrochloric acid of commerce is a solution of 
this gas in water, which, at the temperature of 40°, will take up 
480 times its own volume of it During: the process, the tem- 
perature of the water rises^ and .its vc^me .is 'coasiderably 
increased ' ■ 

645. The ordinary method of preparing hydrochloric or 
muriatic acid is 4o take equal weights of common salt, sulphuric 
acid, and water; and the acid, diluted with one-third of the 
water, is poured upon the salt in a retort, the hydrochloric acid ^ 
gas being made to pasis through c^ into the remaining two- 
tlHrdd of the water, by which it is entirely absorbed. The spe- 
cific^ gravity of the acid* thus obtained is 1.17, but by keeping 
the temperature irom rising too high, the acid solution may be 
made considerably stronger. - r - v 

Hydrochloric acid of commerce has a yellow color,' and ^is 
always impure. Its usual impurities are nitric aeid, sulphuric 
acid, and oxide of iron. The presence of these substances 
may easily be shown by the usual tests. 

546. A strong solution of pure hydrochloric acid is a colorless 
liquid, which emits white vapors when exposed to the' air, is 
intensely sour, reddens litmus paper jstrongly, and- neutralizes 
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alkaliesi. It combines with water iii every proportion, and 
causes increase of temperature when mixed with it, though in 
a much less degree than sulphuric _acid.- It freezes -at — 60°, 
and boils at 110^, or a little higher, giving" off pure hydrochloric 
acid gas in large quantities. . 

547. Hydrochloric acid is decomposed by substances which 
yield oxygen readily. Thus Several peroxides, such as those 
of manganese, cobalt, and lead, effect its decomposition. Chlo- 
ric, iodic,^bron»c,nititc, andselenic acids actpn the same prin- 
ciple« A mixture of- nitric and hydrochloric acids, in the ^atio 
of one measurS of the former to two of the latter, has long been 
known under the name of aqtui r^ia, or rex metaUofuign^ as a 
solvent pi gold and platinum. When these acids.are mixed 
together, the. solutiop instantly becomes yellow ; and on heat- 
ing^the mixture, piire chlorine is evplved. 

The nitric and hydrochloi'ic acids react upon each other, and 
chlorine, nitrous acid, and witter are produced; HCl-fNOj= 
CI+NO4+HO. 'This decomposition, ho weaver, proceeds only 
80 far- as. to saturate the liquTd. with chlorine, but if heat is 
applied to expel the- chlorine, or a metal placed in the liquid 
with which it will unite, new Quantities of the acid are decom-- 
posed. Nitrohydrochloric acid, therefore, is a source of chlo- 
rine in a very concentrated state, and is capable of dissolving 
' several substances which are not attached by any single acid. 

Hydrochloric ^cid may readily lie distinguished by its odor 
and volatility, and by. its giving, with b solution of nitrate of 
silver, a precipitate of the white chloride of stiver, which is 
blackened by exposure to the light. " ' : 

This aci^ is used in the ar<§ with nitric acid, as a solvent for 
gold and platinum, and Hi the- preparation of hydrochlorate of 
tin, which'is employed as |i mordant in colorings It serves aa 
a solvent for phosphate of lime, and by its action, in a few 
days, all the solid parts may be removed from bones witltoul; 
destroying thejf texture, or essentially changing their appear- 
ance.* It is one of the -most-important chemical agents employed 
in the laboratorjr; ' w • . , ^ ' . . .' 

ch.l'orinb Aifb nitroqbn; 

The pnly known compound of these two substances is the 

following : " - . * 

, Chlorine .Niirfygeiu. Equiv, Symbol, 

Q,uadrochforide oif nitrogen. . . 4. eq. -f 1 eq. . . . 1 55.83 .... NCI 4 

548. Quadroehlonde of NUrogen.-^lt seem? not entirely settled whe'ther 
this compound is a ter or a qua^ro chloride, but probably the latter. Its 
elementsJiave for each other, but a .feeble affinity, and do not unite when 
presentedtoeadh other in their gaseous form. 

A convenient mode of preparing Ihc cfuadrochlbride of nitrogen is the 
following. An ounce of ammonia is dissolved in 12 or 16 ounces of hot 
Watdr ; and when the idlution lias cooled- to the temperature of 90°, aglas* 
18* 
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Pig. 81. ^ bottle with a wide moutbt foil .of chlorine, is in 

' ^ verted in it, as repceflentefl in figure 81. The so* 

lution gradually abeorbs the chlorine, and acquires 
a yellow ^color; and in aboufSO minutes, globules 
of a yellow fluid are seen boating like oil upon its 
surfiice, which after acquiring the size of a small 
pea, sink to the hottom of the liquid. The drops 
of the chloride, as they descend, sliould he. col- 
■lected in a sitaali. saucer of tead, placed^ Ibr thai 
purpose under the mouth of the bottle. 

This substance is one of the most' explosiye 
compounds yet -known, haying been the cause of 
'serious acddspts to sevjoral who have experimented 
with it Its specific gravity ia 1.65. It does not congeal in-.the intense 
cold produced by a mixture of snow, and salt It may be distilled at 16Qf ; 
but at a temperature between 200^ and 3i2° it explodes. It appeianf that 
its mere contact with some substances of a cbmbasable nature causes deto- 
nation even at" common tempel^titfesc This remit ensues particularly 
with oils, both volatile and fizM.. The pn)dactsDf t&e^plosibn are chlorine 
and nitrogen. 

The- formation of this oom|iomid is nev^r unattended with d«nger,'and 
should not be attempted but- with thd utmost caution. 

CHLORIIIB AND CARBO.N.. 

There arct it is believed, but tlt|r^ compounds of these islementsithe com- 
position of which will appear flrom the fi^lowing tiibto : 

Chlorine, Carbon. Equvi, SymUU, 

Protochloride oi caibon. •••••..• •! eq* + 1 eq*. • • > 41.54. •. .,. CCl 

Bichloride of carbon . • i^l eq.-^ 1^ eq.. , • 47.M, . ^.Cj^C] 

Perdilorid^ of carbon • . ^ 4 . • . . . * . 3 eq. + 2 ef. . . . U8.5 .... C^Cl, 

The last only of these obmpodnds willlie describedi ' 

549. PerehUnide of Ctfr6pn,-^This conipojoifd miiy be foraoed by mixing 
together oleflant gair and chlorine. Combination /readily takes pilace be- 
tween them', and an oiUike liquid is generated^ which consists of chlorine; 
carbon, and hydrogen. ^On exposing this liquid, in a Vessel full of chlorine 
gas, to the direct solar rays, the chlorine acts npon and decomposes the 
liquid, hydrochloric acid is set free, and the carbon, at the moment of sepa* 
ration, unites with the chlorine. 

Perchloride of 'carbon is solid at oontmon temperatures, has an aromatic 
odor, approaching to that of camphor, is. a non-conductor of electricity, and 
reftacts light very ]A>werfully. Its specific gr^yity is exactly double that 
of water. It fuses at 320^, and afier fusion it is colorless and very trans- 
parent * It boils at 360^, and' may be distilled without change, assuming a 
rystaline arrangement aft it condenses.- - It is spvingly smuUe in water, 
but dissolves in alcohol and ether, especially by the aid of heat It is solu- 
ble also in fixed and volatile oils. 

Perchloride of carbon bums with a red light when held in the flameiof a 
spiritlamp, giving out acid vapors and smoke ; but the combustion ceases 
as soon as it' is withdrawn. It burns vividly in oxygen gas. Alkalies do 
not act upon it ; nor is it changed by the stronger acids, such as the faydro- 
chlorie, nitric, or sulphuric adds, «ven with the aid of heat Most of the 
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metak deoompote it vlao tft Um t^mperatiue of ignitkai, iiiutiB|r with its 
chloripe, and caosing depoaitioa of charcoaL r 

^ CHLORINE. AND SULPHUR. 

There are, according to Thomson and Kane, two oompoands of these 
sabstances, as loUows : 

CUorine, Sidpkun Efuio, SymboU. 

Chloride of sBlphinr. . « . ^ 1 «!• + 1 eq.. . . .61J»8. . . .SCI 

Diehioride of sdlphiir 1 eq. -f- S eq«« , . .67.82. . . .S^CI 

550. Diehleride of'Sulphur, — ^Thiasubstiince may be prepared by pasniur 
a current of chlorine gas through flowers of sifliiiar gently heated, nntu 
nearly all the sulphnr disappears.- Direct combination ensues, and the pro- 
duct distilted off frpm unoombined aulphiir, is obtained under the form of a 
liquid which appears red by reflected, and yellowish-green by transmitted 
light . Its density is 1.69. ^ It^is Tolatile bekw 2CKP, boils a^t 280^, yielding 
vapor which h^s a. density of .4.70, and condenses again without cbange in 
teding. When exposed to the air it- emits acrid fumes, which irritate- the 
eyes powerfully, -and has an odor ^sogiewhat resembling sea-weod; but much 
stronger. It acts with 'ener^ on water :— niatoal decomposition ensues, 
with formation of hydrochloric atad hyposolpburous acids, and deposits of 
sulphur, by Which the water b rendered cloudy. 

. CBLO.RINB AND PHttSPHORUS. 

Chlorine and phosphorus readily combing and formlhe two foHowing 
compounds, viz. :''-... 

CA2arise. Pho$. Equin, SymboU, 

8<^uichloride of phosphorus.. . .a eq. -f. 3 eq.. , . 1S7.66. . . .P|C1, 
Perdiloride of phosphorus. . . • ^-.5 eq. :f 2 eq.. , .208.5 .... P^Cl^ 

551. 8e$miehioride of PAos|iibn(s.— pSesqoichlpride of phosphorus may 
bd prepareo br passing Traor of phosphorus over corrosive sublimate con- 
tained .in a glass tnbel It is a eleav liquid like water^ of specific gravity 
1.45 ; emils add iiimes when exposed io the air« owing to the deoompost. 
tion of watery vapor } but when purefit does not redden dry )itn\as paper. 
On mixing it with water».mutual decomposition ensues, heat is evolved, and 
a solution .of hydrochloric and phosphorous acids is obtained. Thos P2CI3 
and SHO, give P.O3 tod SHCi; . . 

552. PtrehUnriw ^ Phoiphonu. — When phosphotus is introduced into 
a jar of dry chlorine, it inflames, and on the inside of 'the vessel a white 
matter collects, which is pereKhride of fiho$jfbdru9%^ It is very volatile, a 
temperature much below 212^ being sufficient to convert it into vapor. 
Under pressure it may beiiised, and it yields transparent prismatic crystals 
in cooling. In eontact with water it.is decomposed with the evolution of 
great heid, producing phosphoric and hydrochloric adds. P<|ClK-f-5H0=; 
BHCl-hPaO^. 

CHLORINE, BORON, SILICON, ETC. 

553. Terektoride efhonn (eq. = 117.16, symbol fids,) is formed by 
exposing recently |»epai^ boron to the action of an atmosphere of chlorine, 
or by t^ action of dry chlorine on a mixture of charcqal apd boraeicacid 
heated to redness 'in a porcelain tube. It is a colorless gas, of specific 
gravity 4.08, soluble in uleohd and water, bj^ the latter of wmch, -however. 
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it is deconipoflecl, giving rise to- the forin^tion of* hydrochloric and boracic 
ftcids. 

554 Terchloride of aUicm (eq. = I2a76/ sjinWol SiCls,) may te formed 
by two methods, either by^ heating silicon in -chlorine, which cftuses it 
readily to take fire with the fbrmfition of ^e componnd in question, or by 
passing a cun^ent of dry chlorine through a^ mixture of silicic acid, starch, 
and oil, heated to redness in a. porcelain tube. The mixture of silica, 
starch, &«., should be heated to r^dneps in a covered crucible l>eibre. being 
introduced into the porcelain tube< ^ ' ~ ' , 

Chlorine forms with sejeniom a oofrnpound which resembles the chloride 
of sulphur. ' 
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,. . IODINE. ,. . 

* ' SyMbi I;.Ei[itde(ileM i26w3. -" 

555. Iodine was <iisce¥ered4iv tbe year 1812, by M. CouFtois, 
a manufacturer of saltpetre at Paris. In preparinff carbonate 
of soda from tlte asfhes of se^a-we^ds, he observed inat the resi- 
dual li€{u6r corroded metallic vessels powerfully; an^ on in- 
vestigating the qause of the corrosion, he noticed that isulphuric 
acid threw down a .dark<<^Qlofed nrntter, .which was converted 
by the application of heat into ^ beautiful violet vapor. Struck 
with its appearances be gave «ome of ihe Substance to M. 
Clement, who recognized it. as' a .new body, and in 1813 de- 
scribed some of its leading properties in the Roy^l Institute of 
Prance. Its real nature was' soon after" determined by Gay- 
Lussac and DaVy, eac^ of whom proved that it is* a simple non- 
metallicJ substance,- exceedingly analogous to. chlorine. 

556. Iodine is'frequently ihet with in nature, in. combination 
with potassium or sodium,. Ujider thi^ form it occurs-in salt 
and other mineral springs, both in Europe and the United 
States, 'it has been detected in the oyster and some other 
marine molluscous aniinals, in- sponges, and in most kinds of 
sea- weed. In some of these productions^ such as the ^ticus 
serraius and flLcus (MgitatiLs, it exists ready formed, ana may 
be separated by tfie actioA 6f watery, but in others it can be 
detiected only after incineration. Marine animals and plants 
doubtless derive from the sea the iodine .which they contain. 
It is found also in the mineral kingdom, -in combination with 
silver. , ' . 

557. Iodine may easily be detected in the common sponge in 
the following manner :^-Burix a small piece of the sponge by 
holding it over a lamp with pincers, in the open air, and lixi- 
viate the ashes with warm water. When this has become 
cold, introduce a little cold solution of stanch, which, however 
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should W prepared with boiling w^ter, and thoroughly mix it 
with the liquid.. A drop of sulphuric aoid let Tall into it will at 
once show the liberation of ifree iodine, by a purple or blue 
t^olor given to the liquid at the bottom, where theapid imme- 
diately settles. . .^: . 

All the iodine of commerce is procured from the impure 
carbonate of soda, called kelp, which is prepared by incinerating 
sea- weeds. The kelp is/employed by soap-makers for the pre- 
paration of carbonate of soda; and. the dark residual liquor 
reitiainipg after that salt has crystalized, contains a considera- 
ble quantity of iodine, combined with sodium or potassium, 
dv adding a 'sufficient quantity of sulphuric acid and peroxide 
of manganese, hydriodic . acid is first generated^ and then de- 
composed. The iodine suli^imes when the solution is boiled, 
and may be collected in t^obl glass receivers. - 

A ^ood method of exhibiting the formation of iodine, is to 
heat ma g!$iss globe, aver a lamp or ignited charcoal, a small 
quantity 5^ sulphuric, acid, and throw suddenly into it .half a 
drachm of iodide Of pptasshim. A lajrge quantity of iodine wiU 
instantly be set free, and its vapor fill the globe. 

558.^odine, at common temperatures, is a soft, friable, claque 
solid, of a bluish-black cqlor and metallic lustre. It occurs 
usually in crystaline scales, having the appearance of micace- 
ous iron-rore ; but it sometimes crystalizes in large rhomboidal 
plates, the primary form ..of which is a rhbmbic octohedron. 
The crystals are be^ prejpared by exposing to the air a solution 
of iodine in hydriodic .acid. . Its spedfic gravity is 4.9$. At 
225^ it is fused, and, enteiTs into ebullition at 347°; but when 
moisture is' present, it is sublimed rapidly even below the de- 
gree of boiling water, and suffers a gradual dissipation at low 
temperatures. Its viappr is of an exceedingly fich violet color, 
a character to which it owes the name' ot iodine, (fi'om uo^t 
violet-colored,) This vapor is the heaviest of gaseous ^bodies, 
its specific gravity being 8.71, which gives for the weight of 
100 cubic inches, 270.1. grains. ' 

Iodine is a non-conductor orejectricity, and, like oxygen and 
chlorine, is a negative electric. It has a very acrid taste, and 
its odor is very similar to that of chlorine, when much diluted 
with air. 

559. Iodine is very sparingly soluble in water,, requiring about 
7000 times its weight of that liquid for solution: It communi- 
cates, however, bven in this minute quantity, a brown- tint to 
it. Alcohol and ether dissolve it fi'eely, and the solution has a 
deep reddish-brown color. 

560. Iodine ^possesses an ext^nsi^e- range of affinity. It de- 
stroys vegetable colors, though in a much le9s degree than 
chlorine. It manifests Mttle disposition to combine with metallic 
oxides; but it has a stroQg attraction for the pure metals, and 
for most of the simple non-metctflic substanpes. It is not &i- 
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flammable, but under favo^alde circumstances niay, like chlo- 
rine^ be made to unite- with oxygen. 

As iodine cannot be decomposed, it is considered a simple 
substance. 

561. Starch is a most delicate test for free iodine, being 
changed by it to a beautiful blue color. A distinct blue tinge 
is said to be communicated to a solution of starch by iryinnnF of 
its weight of iodine. The blue color is probably owiiig to the 
formation of a definite compound of these substances. 

Iodine has hot until very recently been used in the arts. It 
is now made use of in photography, as described above (157). 

It acts energetically upon the human system, and is employed 
in medichie with much success. In larg^ doses it is poisonous. 

lODIlfE AND aZYGEN. 

There- ajre^ it is beHeved,- &ur compouiM^B ef iodine and- oxygen, viz. : 
oxide of iodine, iodoUsi. iodic, and periodic acids. Of .the firpt two little is 
known, as Uiey have never been obtained iii ja seffarate state. Tbe last two 
are composed as follows, viz.,: ~ . ^ ' .... 

Jadine^ Oxygen. Equiv. > Symbah. 

Iodic acid . .. ^ 1 eq* +, 6 eq.. . . . 166.3:, .".lO^ 

Periodic add^ .*. i . . . I eq. -f 7 eq: . . . ^182.3. . . .10^ 

< « 

562.' Jodie Acid. — Iodic acid is formed by t)ie action of iodine upon the 
euchlorine (538), of DaTy, chloride 'of iodine being* generated at the same 
time. On applying* heat, the chloride of iodine is Expelled in vapor, while 
the iodic acid ^emai&sJ' It -may also be prepared by boUing iodine in fuming 
nitric acid until it is all dissolved, and then distiilu^g off ihe excess of acid ; 
and bv other means. 

This compound' is a white sS^i-lransparent solid, which has a strong 
astringent sour taste, but no odor. Its density is considerable,, as it sinks 
rapidly in sulphuric aciid. When heated to the temperature of about 500^ 
it is fused, and at the ^Same time fesolved-into oxygen and iodine. In a ^ry 
ajr it is unchan|^ ; but in a moist atmosphere it absorbs humidity, forming 
the hydrated acid, and eveniually deliquesces.- In water, it is^yery soluble, 
and the solution has a distinct acid reaction. It acts powerfully on inflam- 
mable substances. With charcoal,. sulphur, sugar, and similar oombusti- 
bfes, it forms mixtures which detonate- wheA heated. Ji enters into combi- 
nation with metallic oxides,' forming salts, whipfa, like the chlorates, yield 
pure oxygen by heat, and deflagrate when thrown on burning charcoal. - 

563.' Perioaie Acid. — When a current of chlorine gas is transmitted 
through a mixture of caustic soda &nd iodate of sodium in solution, perio- 
date of soda is formed, which subsides by .heating, as a sparingly soluble 
white, polyerulent.sait;' This may be decomposed by nitrate of silver and 
the periodic acid obtained, as a white crystaline solid. It is in composition 
analogoas to perchloric acid. ... * 

lOOTNEAKD RVi)ROG£N. 

There is J^ut one cora^pound c^these-substances, viz. : 

^ Iodine. Hydrogen, Equiv. Symbel. 
Hydriodic acid.. . . ..... .1 eq. + 1 eq 127.3 HI 



564. Uydriodic Add, — This compound is formed by the dirept 
uni^nof.its elements,' when a mixture, of hydrogen gas and 
iodine vapor is trandmitted through a porcelain tube at a red 
heat. A more convenient process, wid one by which it is ob- 
tained in a pure state; is by the action of water on the periodide 
of phosphorus (567). Any convenient quantity orthfe iodide is 
put into a small glass retort, together with a little water, and 
a gentle heat is applied. Mutual decomposition ensues ; the 
oxygen of the water unites with phosphorus, and its hydrogen 
with iodine, giving rise to the formation of phosphoric awl hy- 
driodic acids, the latter of which passes over in the form of a 
colorless gas, and may -be collected by the method of disp ace- 
ment, as described (531). ■ ' ' . 

Hydriodic acid gas has- a very^sour taste, reddens vegetable 
blue, colors without* destroying- them, produces dense white 
fumes when mixed with atmospheric air, and has ah odor simi- 
lar to that of hydrochloric acid gas. Its specific gravity isi 4.39 ; 
and therefore 100 cubic inches miist weigh 136. 1& grains; Like 
hydrochloric acid gas, it, cannot be collected over water; for 
that liquid dissolves it in large quantity, . '. 

When a current ofgas^ous hydriodic aciii is passed through 
water until it is saturated, a colorless acid solution is formed, — 
the liquid h3^riodiG acid. >It fumes on. exposure to th6 air, and 
has a specific , gravity of 1.7. It is slowly decomposed by 
coming in contact with the air. ^ ' 

- IODINE. AND NITROGEN. 

Iodine \nd tiitrogeti form only a siijgfle cotfipound.N 

* ' ,' ' lo^ne, JSUrogerU . Equiv, Symbd, 

Teribdide of mtrogenv ........ .3 eq. -f: 1 eq. . i ^ . 393.05 .... NI^ . 

565. TerifitUde of Nitrogen,^Frohi the weak affinity that esists between 
lOdioe and nitrogen, .these substltnces. cannot be. made to' unite . directly* 
Bat when iodine. \s put into a solution of ammonia, the alkali is decom- 
posed ; its elements unite with different portions of iodine, and thus cause 
the formation of hydriodic acid and teriodide of nitrogen. The latter sub- 
Bides in -the form of a dark powder, whioti' is characterized, like quadro- 
chlorideof nitirogen, by its explosive property.' IV often detonates^pontane- 
oaslyassoon as it is 'dry, and ev^ when moist, b^ the. slightest c&us6s. 
Heat-and light are emittecf- daring, the explosipn, and iodine, and nitrogen 
are set j&ee, the former of which may be fi^ea at the instant in the form of 
vapor. » - - . ^ : 

It. should be remarked, here that recently^ some Iuitq doubted whether 
this. substance is really constituted, as above described'; but we are not now 
prepared to discuss the. question. 

IODINE WITH SULJHIUR;- PHOSPHORUS, AND CHIiORlNE. 

566 Iodide of Sulphur .19 formed by meltihg the two* substances together 
in equivalent proportions^ and cooling. It is obtained by this means as a 
iteel^ay crystaline ipass. fts equivalent is unknown. 
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567. Pntiodide of Pko$phorU9 (eq. 143.0, sjmbol Tl,) 'm ibrmed by mix. 
ing together 1 part of phoephoras and-7 or 8 parts of iodine; Tbe prepara- 
tion requires some care |^ since jihosphorus and iodine act so energeticaHv 
on each other bj mei« contact, that the phosphorus is generally inflamed, 
and a great part of the iodine expelled in the form qf vapor. This incon- 
▼enience is avoided by patting the pl^osphorus into a tobe, sealed at on^ end 
and about twelve inches long, displacmg the air by a current of dry carbonic 
acid gas, then gradually adding the Imiine, and promoting the action to. 
wards the close by a gentle heat The materiab should be well dried with 
bibulous paper, and the iodide preserved in a well-stopped dfy vessel 

This compound is decompbsed by water, with the elements of which it 
gives hydriodic and phosphorous acids. It is used in the prepairation of 
hydriodic acid (564). 

The sesquiodide and. periodide of phosphorus may be prepared in pre- 
cisely the same manner as the protiodide, except that larger proportions- of 
iodine are to be used. They are both sdid &t ordmary temperatuires. The^ 
are decomposed by contact with'water in the same manner as jtbe prpti- 
odide. • . 

Iodine and chlorine form three <!bmpqimds,' ICl, ICI', and ICl', acpord- 
- ing to the maimer of preparation. The protodiloride, whichlias recently 
been used in photography (157), is prepared by passing a currenit of chlo- 
rine into water in which iodine is diffused. .^ 
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BROMINE. 

Symbol Br ; Equivalent 7S.i. " ^ 

568: Bromine was discovered in lS26i by Balard, of Montpe- 
her. The name originally applied to it was mutide, but the 
term hrome, or bromine^ from 0^pjuo(, Signifying a strong or rank 
odor, has since been substituted. ^ . - . 

Bromine, in its chemical relation^, bears a close afialogy to 
chlorine and iodine, and has hitherto been always found in na- 
ture associated with the -former, and sometimes also with -the 
latter. It exist:^ in sea-water in the form of bromide of sodhim, 
or magnesium. Its relative quantity, however, id very minute;* 
and even the uncrystalizable residue, caHed bvttem, left after 
chloride of sodium has been separated frOm sea- water by crys- 
talization, contains it in smaH. proportion. It seems to be an 
essentia] ingredient of the saline matter of the ocean, and has 
been detected in the waters of various mineral springs^ in dif- 
ferent countries^ and in the ashes of isome sea-animals. 

The usual method of preparing bromine is to transmit a cur- 
rent of chlorine gas through bittern, and then to agitate a por- 

- I ■ ■ — . . t , . . « I ^-w ■ - - ■■ - 

" * It is said that 100 poundd qf sea-water yield otdfaboui three and one- 
fojurth grains of brominei "' ^ 
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tipn of isulphuric eiher with the Uquid. The ether dissolves 
the whole of the bfomine, from which it receives a beautiful 
hyacinth red tint, and on .standing it rises to the suffi^ca 
When the ethereal solution is agitated with caustic potassa, its 
color entirely disappears, owing to the formation of l)romide 
of potassium and bromate. of potassa, the former of which is 
obtained in cubic crystals by evaporation. The bromine may 
then be set free Hjy .means of chlorine, and separated by heat. 

At common temperatures bromine is a liquid, the color of 
which is blackish-red, when viewed in mass and by reflected 
light, but' appears hyacinth=red when a thin stratum is inter- 
posed between the light and the observer. ^ Its odor, which 
somewhat resembles -that of chlorine, is very disagreeable. 
Its specific -gravity is about 3. Ita volatility is considerable; 
for at common temperatures it emits red-rcolored vapors, which 
are very, similar in appearance to those of ilitrbus acid ; ind at 
116i5° it enters into ^bilflition. By a temperature between 
zero and — r4^ it is congealed, and in th^at state is brittle. 

Bromine isja non-conductor of electricity, and undergoes no 
chemical change whatever frofti the agency of the' impondera* 
bles. tt may pe transmitted through a jed-hot glass tube, and 
be exposed- f o the* agency of galyanism, without.evincing the 
least trace of decomposition: It Is therefbre considered an ele- 
mentary substance. . . .' . * • 

Like oxygen, chlorine, and iodine, it f? a negative electric. 
It is soluble in "Water,^ alcohol, and "ether, the latter being its 
best solvent;. Its vapor extinguishes a lighted taper ; but before 
goings out, it burns for a few seconds; with a flame which is 
green at its base and red at its upper parti Some inflammable 
substances take fire by contact with bromine, in the same man- 
.rier as^ wheft. jntroduced into an atmosphere of chlorine. It' 
acts with energy . on organic matter, such as wood or cork, and 
corrodes the animal texture ; but if applied to the s.kin for a 
"short time only, it communicates" a yellow staiii which is less 
intense than that produced by iodine, and soon disappears. 
To animal life it is hfghly destructive, one drop of it placed on 
the beal^ of a bird having proved fatal. ^ 

^ Bromine has been /by. some used in photography (157), in 
connection with iodine. 

• With starch it gives a yellow. color;, which, lK)wever, is not 
intense if the solution -is much diluted. 

Bromine combuies with oxygen and hydrogen, forming acids 
exceedingly analogous to the compounds formed by the union 
of chlorine and iodine with, the same substancesi The 'same 
indeed might be said of the confounds it forms with several 
others of the elementary substances j described in the: preceding 
pages. ':'''■ 

19 • 
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SECTION XIII. / 
FLUORINE. 

SyinbolFr Equivalent l[e.e8., 

560. This substance, though long known to exist, has not till 
recently been obtained in an insulated form ; nor indeed is 
any process yet known by Vhich it can be obtained in a state 
of perfect purity. The dificulty arises- from the strength of its 
affinities, which are such that it Is no sooner liberated from its 
combination with one substance than it enters, into union with 
another, attacking, with violence the materials of which the 
apparatus used may be constrycted. 

The only substances bn which fluorine is incapable of acting 
are such as are already saturated with it;^vesselsfor preparing 
it are therefore made of fliior spar,* which is a fluoride pf cat 
cium. The best method is to All vessela of this kind with chlo- 
rine, and then introduce a little fluoride of niercury ; a transfer 
of elements takes place» chloride of mercury is formed, and 
fluorine liberated in the form of* gas. It is not, however, per- 
fectly pure, but iis inlxed i^th chlorine. As thus obtained, it is 
a colorless- gas, possessing an odor somewhat resembling chlo- ' 
rine. Its specific grayityi.by calculation, is 1.29. Like oxygen 
and chlorine, it belongs to the class of negative electrics. 

FLUORINE -AND' HTDROGEN. 

Fluorine and hydrogen combine tolbrm the folia wing com- 
pound, viz. : • . 

Hydrofluoric acid^ ......... 1- eq. -f 1 eq , 19.68 HF 

570. Hydrofluoric AcicL — This acid is prepared by acting on 
the mineral called Jluor. spar, which is a fluoride of calcium, 
carefully separated fl*om siliceous earth and reduced to fine 
powder, with twicp its weight of concentrated sulphuric sfcid. 
The mixture is made in a Jeaden^etort; and on applying heat, 
an acid and highly corrosive vapor distils over, which must be 
collected in a- receiver of the same metal surrounded with ice. 
As the materials swell up. considerably .during the process, « 
owing to a quantity of vapor forcing its way through a viscid 
mass, the. retort should be capacious. At the close of the 
operation, pure hydrofluoric acid is found in the receiver, and 
the retort contains dry sulphate of lima The chemical changes 
are precisely the s£une as in the formation of hydrochloric 
acid gas (542), fluorine being substituted for chlorine, and 
cafcium'for sodium. That is, SQ^, HO, and CaF, give CaO, 
SO3, and HF. -If the sulphuric acid is of sufllcient strength, all 
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its water is. decomposed, and the resulting hydrofluoric acid is 

anhydrous. • 

Hydrofluoric'acld, at the temperature of 32^,. is a colorless 
liquid, and. remains in that state at 59° if preserved in well- 
stopped bottles; but when exposed to the air, it flies off in 
dense white fumes, which consist of the acid vapor combined 
with the moisture of the atmosphere. Its specific gravity is 
1.06.; but its density may be increased to 1.25 by gradual addi- 
tions of water. Its affinity for this liguid fiur exceeds that of 
the strongest sulphuric acid, and the combination is accom- 
panied with a hissing noise, as when red-hot iron is quenched 
by immersion' in water. ' . ~ 

The vapor of hydrofluoric acjd^is much. more pungent than 
^chlorine or any of the irritating' gases. Of all known sub- 
stances, it is the most destructive to akiimal matter. .When a 
drop of the conc'ehtrated'aeid of the size of a pin's head comes 
in contact with the. skin, instantaneous disorganization ensues, 
and deep ulceration pf a malignant character is produced. On 
this account the greatest care.is requisite in its preparation. 

571. This acidj .when concentrated, acts energetically on 
glass. Its transparency is instantly destro^ed,'faeat is evolved, 
and the acid t>oils, and in a short time. entirely disappears.. A 
colorless gas, commonly known by the name offLuosilidc acid 
ga^,is the sole product This compound is ea ways formed 
when hydrofluoric acid comes in- contact with a siliceous sufah 
stance. ^For this reason it cannot be preserved in glass ; but 
must be prepared and kept in metallic vessels. Those of lead, 
from, their^ cheapness, are o^a used; but vessels of silver or 
platinum are preferable. In consequence of its powerful affinity 
for siliceous matter, hydrofluoric acid may be employed for 
etching oti glass: and when. used witfi this intention, it should 
be diluted with three, or four' times its weight of water. 

572. EtehiDg upon grlaslB by the li<|uid is accomplished in the ^following 
manner i The plate of glass- .is first covered with wax of anifbrm thickness, 
and then, with a needle or i^raver, the design is traced on^it, taking care to 
eut qaite through to the surfiice of the ghiss. , A rim of wax is then formed 
around the edge of the plate, and the liquid poured upon.it and allowed to 
remain a sufficioit. time to eonrode tbb glaiss considerably, where it comes 
in contact with it It is theji poured off, and the wax removed. 

Etching may be , ddoe equdlly well by exposing, the plate pyoperly pre- 
pared as above, directly to the action of the hydrofluoric acid vapor, as it is 
formed (580). For this purpose a. shallow leaden vessel is to be prepared, 
of sufficient size just to receive .the pl»te at the top ; and the powdered fluor 
spar, and sulphuric acid being placejfi.at the bottom, the vapor, as it rises by 
the application of he^it, attacks the glass, by separating, the siliea, and pro- 
ducing fluosilicie- acid. Whoa the corrosion is sufficient, the plate is 
removed and the wax cleared off ai| before. 

573. Hydrofluoric add has all the usual chai^acters of a pow' 
erlul acid. It haa a strong sour taste, reddens litmus paper. 
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and neutralizes sdkalies, either forming salts termed hyfitrqfiu- 
ates^ or most generally giving rise to metaDib fluorides. All 
these compounds are decomposed by strong sulphuric acid 
with the aid of heat, and the hydrofluoric ficid while escaping 
may be detected by its action on glass. 

This aji^id acts violently pn some of the^xnetals, especially on 
the bases of the alkalies. Thus, when potasslutn is brou^t in 
contact with the concentrated-^acidtan 02ppldsion, attended with 
heat and light, ensues; hydrojgen gas is disengaged, and a 
white compound, fluoride of potassium, is generate. It is a 
solvent for some elementary principles, which resist the action 
even of nitro-hydrochloric a6id. Thus it dissolves silicon, zir- 
cohium, and columbium, with evolution of hydrogen gas; and 
when mixed with nitric acid, (t proves a solvent for ..silicon 
which hajS been jcondensed by heat (523), and for titanium* Nitrp- 
hydrofUioric acid, ho we vet*, is inicapal:^ of dissolving go)d and 
platinum. Several oxydized bodies^ which are Qot attac]^ed by 
sulphuric^ nitric, or hydrochloric a<^id, are readily dissolved by 
hydrofluoric :acld» 

FLUORINE .AND -BORON.. 

^•. ■ * » . 

' ThGKonly compound of fluorlDeund boron known is the foDowing, yiz. : 

, ' * Fluorine, Boron, ' J^quiv, Stfinboll, 

Fluoborio Acid \ .';..... .3 eq. -f 1 eq.. ... 6,6.9a . . . .BF^ 

574. Fhioboric Add. — ^The chief 'diffibulty in' determining theiaature of 
hydrofluoric 'acid ariebs fVom the water of tfae salphufic acid which is em- 
ployed in i^ preparation. To avoid this source of uncertainty, Gay-Lussae 
and Thenard made a mixture of vitrified boracic acid and fluor spar, and 
exposed it in a leaden retort to heat, under the expectation that^as no water 
was present, anhydrous "fl'u.oric acid would be obtained.^ In ihis^ however, 
they were, disappointed ; but^fi new gas .came (W^r, to* which they applied 
the term ofjluoborie acid gas. 

In the decomposition of fluor spar by vitrified boracic acid, the former 
and part of the latter undei^Q an interchange of elements. The fluorine 
uniting with boron, gives rise to fluoboric acid -gas ;' and by the union of 
calcium and 03cygeD, lime is generated, which* combines with boracic acid, 
and is left in the retort as borate of lime.. Fluoboric acid gas, therefore, is 
composed of .boron and "fluorine.' ' / 

Fluoboric acid gfis is colorless, has a penetrating pungent odor, and ex- 
tinguishes flame on the instant Its specific gravity, is 2.36. ' it reddens 
litmus paper as jrawerfully^as sulphuric acid, dnd forms salts with alkalies, 
which are esS\e&'Jluo6oraU8, It hits a singularly great affinity foF water. 
When mixed With air or eny gas which contains watery vapor; a denser 
white i:loud; a combination or water and fluobonc acid appears, thus afford' 
ing an extremely delicate test of the presence of moisture in gases. Water 
acts powerfully on this ga3, absorbing 700 tunes its volume, during which 
the wat^ increases in temperature and volume. The solution is limpid, 
fukning, and vei^y caustic. On the applicaUon of heat, part of the gas ia 
disengaged ; but afterwards the whole solution is distilled. 

FlaolM>ric acid gas does not acton glass^ but a^acks animal and vegetable 
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jnatter ^th'^nergfj, convertingf them like inlphiiric acid into a carbouaoe- 
oiia substance. This action i» moot probablj owing to its affinity for water. 
When potassiam is heated' in fluoboric acid gas, the metal tal^es fire, and 
I a chocolate-colored solid, wholly devoid of metallic lustre, is formed. This 

' substance is 'admixture of boron and fluoride of fx>tassium, from which' the 

I latter is dissolved by water, and the boron is. left .in a solid state. 

I The composition of this acid has not been determined by direct experi- 

ment, but there are satis&ctory rea«»iui for believing it to be aa stated in 
the above table. 

FLUORINE AND 8|LICaN. 

There is bat one compound of fluorine and silicon, called fluoeilicic acid, 

or sometimes terfluorido of silicon*' 

• ' ... 

ffuonne. /Sttieon. Equiv* Symbol. 
Terfluoride of silicoh ....3 eq. -|- 1 eq..-.. ..78.5 SiF, 

575.' Terflttoride ofSUieim, or^FluoriliHc Atid. — ^This substance is formed 
whenever bydroflnoric and silicic acids come in contact The* most conve* 
nient method of procuring it is to mix in.a r^rf one part of pulverized fluor 
spar with its own weight of sand or pounded glass, and two jiarts of strong 
sulpburic acid. On applying.^ gentle heat, fluosilicic acid ^^aa is disen- 
gaged with effervescence,- and mi^ be collected over mercury. 

It is a colorless gas which ^extinguishes aflame* destroys' animal life,, and 
irritates powerfully the respiratory orgians... When- mixed with the air, it 
forms a white- cloud, bjr combviing with Watery vapor. Its specific gravity 
' is 3.61, and loo cubic inches jveigh 1^1.95 grains. . 

It has a strong affinity for water, which absorba.it rapidly, but causing 
its -decomposition with formation of hydrate ofsiUca at the aaifie time. 
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CHAPTER HI. 
M&TALLIC EliEMCNTS. 



SECTION I. 
QENE'RAL PilOPEI(,TIEB.' ' , . 

576. Metals are distinguished from other substances by the 
following properties. They are all coaductors of electricity and 
heat When the compounds which they form with oxygen, 
chlorine, iodine, sulphur, ahd similar substances, are. submitted 
to the action of gal^anismrthe metals always appear at the 
negative side of the battery, and are hence said to be positive 
electrics. They are quite opaque, refusing a passage to light 
though reduced to very thin leayes. They are in general good 
reflectors of light, and po$sess a peculiar lustre, which is termed 
the metallic lustre. Every substance in which these characters 
reside may be regarded 'as a m6tal. 
.19» . 
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577, The ntmiber of metals, the existence of which is odirfltt^d" 
by chemists, amounts to fortv^two. The following table con- 
tains the names of those that nave been procured in d state of 
purity, together with the date-at which they were discovered, 
and the names tifthe chemists by whom the discovei^. was 
inade. Th^re are one or two others of which little is luioWn* 

table' OF T6B illSCOVERY or METALS. 

Names vf MHaU, AuthorB of the. Discovery* '. Dates of the DUcooery, 

Gold , 

Silyer*. ..r 

IroD 

Copper. ..*..>. •' 
Mercury ...;.. 
Lead .......... 

Tiir 

^ Antimony v'. Described by Basil'Vahmtin^ i . . 1490. 

BisnniUi .\ Described by Agrioola. . : ...;.'........... .1530. 

Zinc ..... ...^ ... . First' mentioaed' fay Paracekus. .-..'. 16th century^ 

t^::v^^\\^^'-■'-:^ ..........n^. 

Tlatinum .' * Wood,'aa8ay-master, Jamaica ............. 1741. 

Nickel . ..... .^. .-. Croi^Eltedi . . . .\ . .'. 1751. 

Mangraneis0 . . .-, . . Gahn and Scheel*. ...*,.... .-•>.'. < 1774. 

Tunffsten D*Bnhuyart...: ........1781. 

TeUurinm..,,... Miilter .;.........,.. :..1782. 

Molybdenum . # . . iii4m ; ... .^ ..«.'..-.... . ... ...>...... — . 1782 

Uranium . ^ ..... . Klapro^* ......... .^ • .1789. 

Titanium Gj^or V >,....,. .1791. 

Chromium ..- Vaiiquelin'. ... ^ ....''...>..........'. .i ..... 1 797. 

Coltirabium . . Jflatcbett .....;.....' 1 ....;.. ; 1803. 

l^^:v:.:::\'^<»^--' ::•••- »803. 

Iridiom • • Decctils and.Smithson Tennant. ;J « . . 1803. 

Osmium ,i Smithson Tennant. .... T. ..."....'...... .\ 1803. 

^rium w . . . Hisinger and BerzeliuB. 1804. 

Potassium 

Sodium 

Barium , 1 l-Divy ..... .% .......... ; . . .*..... 1807. 

Strontium. 

Calcium ........_ 

Cadmiun) ...r... Stromeyer. c. ;....... v...^.. v. ..1818. 

Lithium ' Arfwsdson .; 1818. 

Zirconium; ^erzdins . < « ...'.....-;... 1-824. 

Aluminum i • 

Glucinum ..... . V Wohfer-. . '- i 1828. 

Yttrium ....%...) ' ^ - 

Thorium Berzelins- ; . . I . r-. ^ . . ^. .1829. 

Magnesium....^.. Bossy ^. 1829. 

* Vanadium^. » . . ^ . • Seftstrom /....... .' 1830. 

. Lanthanum ...... Moeander ^ 183^. 



.578. Moat' of the metals ..are reibarkable for tfteir great spe- 
cific gravity; several of* them- being more than 10 times as 
heavy as an «qual bulk of water; and one of them, platinum, 
v^hich is: the densest body known,- about 21 times as heavy as 
water. Great density was onae supposed to be an essential 
•characteristic of metals; but the discovery of potassium and 
sodium, which are so light as to float on the surface of water, 
has shown that .this supposition is erroneous. Some metals 
experience an increase of density: to a certain extent when 
hammered, their particles being x)ermanentljr approximated by 
the operation. On this account, the density of some of the 
metals varies; but the numbers in the following tal^e express 
their specific gravities before they are hammered. 

TdbU of the Specific Gramty of Metals at 6(P, compared with 

'- . Waier, as Unity. 

Platinum ; ^. .2D.9& 

Gcdd.... .,..».......19.2[5t 

Tnngsten. ...... 17.6 

Merdury. 13.568 

Palladlam « w 11.5 

Lead 11.352- 

Silver.. :.....:.M0.4t4 

Bismuth 9.82^ 

tJranium... . .- 9.000 

Copper •. . . .... 8.9 

Cadmium ...'.». ... . 8.604 

MoIybde&oBi • 8.6 . 

^579. Some metals possess the property of 77ia//ea&iftV^, that is, 
admit of being beaten into thin plates.or leaves by hammering. 
The malleable metals ar^ gold, silver, copper, tin, platinum, 
palladium, cadmium, lead, 2dhc, iron,, nickei^ potassium^ sodium, 
and frozen mercurjr. • The other metals SLpe either malleable in 
a very small degree only, or, like antimony* arsenic^ and bis- 
muth, are actiially britfla Gold surpasses all metals in mal- 
leability;' onegrain <)f it may be extended so as to cover about 
52 square inches of si;frface,.atid to have a thickness not exceed- 
ing atsVTTT <*f an inch. . ^ ' - ' . 

Nearly all malleable metals inay be drawti out into wires, a 
property which isi expressed by the term ductility. The only 
metals which are remarkable in this jespect are gold, silver, 
platinum, iron, and -copper. WoUaston devised a method by 
which gold wire may be obtained so fine that its diameter 
should be only ^^ of an inch,, and that 550 feet of it are re- 
quired to weigh one grain. He obtained a/platinum wire'so 
small, that its diameter did not exceed ^V«^ ^^ ^^ inch. It is 
singular that the ductility and malleability of the same metal 
are not always in proportion to each other. Iron, for example, 
cannot be made into fine, lea veef, but it may be drawn into very 
small wires. ' 



Cobalt, ^.4 ; . . . '8.538 

Nickel -. ., . , a279 

Manganese..^.*-....:.. 8.013 

Iroft . -,, 7.788 

Tin.^ ,."..... 7.291 

Zinc i 3 K. ....,.'..... . 6.86 

Antimony . . r • *'« ..-•.'.. ..... 6.702 

Teliutium ^ 6.14 

Arsenic ^ . . . . . 5.884 

Titaniam 5.3' 

Bodium 0.972 

PotasfiiuiD 0.865 
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Both the mallealillity and ductility of several of the metals 
vary with the temperature, Ttms iron, though partiaHy mal- 
leable and ductile at the ordinary temperature of the atmo- 
sphere, is much more so at a. red heat ; and zinc- is very msd- -jtj. 
leable from 212° to 350^, but loses this property if cooled down 's 

to 32°, or heated to 600°. At the latter temperature, it is deci- 
dedly brittle. 

The tenacity of metals is measured by ascertaining the 
greatest weight which a wire of a certain thickness can sup- 
porLwithout breaking. According to the experiments of Guy- 
ton-Moirveau, whose, results are comprised in the following 
table, iron, in point of tenacity, surpasses all other metals. 

The diameter of each wire was 0.?87 of a ktie. 



Poundi, 
Iron wire supports . . . .,549.25 

Copper. .....:., 4. 302.278 

Platinum 274.32 

:Biiver.. .........187.137 



Poundi, 

Gold 150.753 

Zinc 109.54 

Tin....;..... 34.63 

Lead.;...... ..'.. 27.621 



■ 580. The metals differ much in hardness also, but we are not 
able to compare them with reference to this property with 
mathematical precision. In^ the li$t of* hard metals may be 
placed titanium, manganese,- iron, nickel, copper, zinc^, aiid 
palladium.* Grold,, silver, and platinum are softer. than these; 
lead is softer still, and potassium and sodium yield to the pres^ 
sure of the fingers. l^He properties Of 'elasticity and sonorous- 
ness are allied t6 that of hardness. ' Iron and copper are, in 
these respects the most conspicuous. 

When a metal has. been, hamm^ered or drawn out 'into wire, 
its hardness as w'eU as density is increased ; $ind it becomes 
less malleable. This property, however, is restored by anneal- 
ing iij which consists in heating it to redness and then cooling 
it slowly. But the tenacity is often very nrach diminished by 
the process, sometimes even more than one-half. This is sup- 
posed to be occasioned by a kind of partial crystalization that 
takes place. 

^1. Many of the metals have a distinctly crystaline texture 
Iron, for example, is fibrous; and zinc, bismuth, and antimony 
are lamellatedv Metals are sometimes obtained ' also in crys- 
tals; and most of them, in cfy^talizing, assume the figure of 
the cube, tl^e regular octohedrOn, or some jfbrm allied to it. 
Gold, silver, and copper occur naturally in crystals, while 
others, crystalize when they pass gradually from the liquid to 
the solid condjtiori. Crystals are most readily procured from 
those metals which fiise at a low temperature; "and bismuth, 
from conducting heat less perfectly than other metals, and 
therefore, cooling.,more slowly, is best fitted for the purpose. 

The point of fbsion in the different metals varies exceedingly. 
Mercury fuses at —89°, potassium at 136°, tin at 442°, zinc at 
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773^, gold at 201^^, while platinum aqd.some othersr require the 
intense heat of the compound. bio wpipie. 

Some of. theni, as arsenic, cadmium, mercury, zfn'c, &c., are 
volatilized by heat, without diffigulty, but others are fixed in 
the most intense heat that can be produced. / 

The metals are universally considered as elementary bodies* 

They have an extensive rsM^ge of affinity, and on thia ac- 
count few of them are found in the earth native^ that is* in an 
uncombined.forin. They commonly occur in combination with 
other bodies, especially with oxygen and sulphur, in which 
state they* are said to be mineraMzecL It is a singular fad in 
the chemic£d history yof the metals, that they are little disposed 
to combine in the metallic state with coippound b(>dies, such 
as an oxide or an acid. , They unite readiiy, on the contrary, 
with elementary substances. >^ 

They. often combine with each* pthei;^ forming compounds 
called a^o^9, which will be 'described in their proper places. 
They possess all the charistc^erigftic physical properties offhe 
pure metalsj'afid many of them are of great service in the arts. 
Generally, alioyp are more fusible and more ox^dable- than 
their eonstituents separately. Their maUeability and ductility 
usudly are much less, and their hardness greater, than those 
of the metafe of which they are composed. 

Compounds of mercury ^ith other metals are called amal" 
gams, . ■ .' - 

Metals are of a combustible nature; that is, they are not 
only susceptible of slow; oxydation, but, under favorable cir- 
cumstances, they unite raptdfy with oxygen, giving rise to all 
the phenoniena of real cdmbustion. Zinc burns With a bril- 
liant flame when heated to full redness in the open air; iron 
emits vivid scintillations on being inflamed in an atmosphere 
of oxygen gas; and the least/ Qxydable nietals, such as gold 
and platinum, scintillate in a similar manner when heated by 
the oxy-hydrogen blowpipe. • 

582. The product either of the slow or rapid oxydation of a 
metal,' when heaied in the air, has an earthy aspect, and was 
cjilled a cate by, the older chemists, the process of forming it 
being* expressed by the term calcination. Another method of 
'oxvjizing metals is by de/tagrktion ; that Js, by mixing them 
with nitrate or chlorate of potassa, and projecting the mixture 
into H red-hot crucible. Most ijietals may be oxydized by 
digestion in n.itltic acidj and nitro-hydrochloric acid .15 an oxy- 
dizing agent of still greater power, 

58^ Metals differ remarkably m their relative forces of at- 
traction for oxygeit. Potassium and sodium, for example, are 
oxydized by mere exposure to* the air ;,a»d they decompose 
water, at all temperatures, the instant they come in contact 
with it. Iron and copper inay be preserved in dry air without 
change, nor can they decompose water^at commqn tempera- 
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tlires;' but they are both slowly oxydlzed by exposure to a 
moist -atmosphere; and combine rapidly with ox'ygen when 
heated to redness in the open air. ' 

Mercury is less inclined than either of these to combine 
i^ith oxygen, and gold will bear ttie most intense heat of our 
furnaces without oxydation. 

Some of the metals unite with oxygen in one 'proportion 
only, but most of them have two or three degrees of oxyda- 
tion. The resulting com|)ounds are either oxides or acids. 
With th^ exception of arsfenic, the metals all produce oxides 
by combination with oxygen; and many of tbem which pro- 
duce qxides by combining with one proportion of oxygen, 
form acids when united with two or more proportions. This 
occurs in the case of chromium, tungsten, molybdenum, vana- 
dium, and several others. . , ' 

The metallic oxides som^ti^ies combine with each other, 
ajid fijrm. definite compounds. The most abundant ore of 
chromium, usually called chrbmate of iron, is;ari instance of 
this Iqnd, • . . ' ■ ^ : 

The metals are' separated firom the substances with which 
they are found naturally combined, by a variety of processes, 
which Constitute the branch of chemistry denominated metal- 
lurgy. ' . , 

584. Metallic oxides, suffer reduction, or may be reduced to 
the metallic state in .several ways : . . ' ^. . 

1. By mere heat. By this method thre oxides of gold, silver, 
mercury, and platinum may be .decomposed. . 
- 2. By the united agency of heat and, combustible matter. 
Thus, by transmitting a* current of hydrogen gas over the 
oxides of copper or Iron heated to redness ki. a tube of porce- 
lain, water is generated, and the'metals are obtained in a pure 
form. Carbonaceous rhattefs are likewise used for the purpose 
with great' success. Potassa and soda, for example, may be 
decomposed by exposing them to a White heat, after being inti- 
mately mixed with charcoal in fine powder. A sin^ilar process 
is employed in metallurgy for extracting metals from their 
ores, the inflammable materials being wood, charcoal, coke, or 
coal. In the more, delicate operation of the laboratory, charcoal 
and black fituff* are employed. ' * ' 

3. By tne galvanic battery. This is a still more powerfhl 
agent than the preceding ; . since some oxides, such as bar5rta 
and strontia, which resrat the United influences of heat and 
•charcoal, .are reduced by the agency of galvanism. 

4. By the action of deoxydizing agents on metallic solu- 
tions. Phiosphorous acid, for example, when added to a liquid 
containing oxide of mercury, deprives, the oxide, of its oxygen, 

* Blatkjlux is prepared by deflagrating nitre with twice its weight of cream 
of tartar. When equal weights are used, it constitutes vokUejiux. 



'^ UBTAL8. 227 

metallic mercury subsides, and phosphoric, acid is generated.* 
In like manner one metal may be precipitated by another; pro- 
vided the affinity of the latter for oxygen exceeds that of the 
former. Thus, when mercury is added to a solution of nitrate 
of the oxide of silver, metallic silver is thrown down, andoxide ' 
of mercury is dissolved^y the nitric acid. On placing metallic 
copper in. the liquid, pure mercury subsides, and a nitrate of 
the oxide of copper is foriped; .and' from this solution metallic 
copper may be precipitated by means of iron. 

585. Several of the metflls, by combining with oxygen, forni 
both oxides and aeids, as chromium, tungsten, and molybde- 
num; Jt>ut the most form only oxides. 'One of them, arsenic, 
united with oxygen, forms only acids.. In those instances In 
which metalsform with oxygen both oxides and acids, the latter 
always contain the most bxygen. 

Many of the metallic oxides tiave the property- of combining 
with acids,- In some' instances all the oxides of a metal are 
capable of forming salts #ith aGids,:as is exemplified by the 
oxides^of iron ; buty generally, the protoxide is ithe sole aUca^ 
Hne ox saUfiaMe base. Most of the metallic oxides are insolu- 
ble m water; but all those , that are. soluble have the property 
of giving a. brown stain to yellow turfiae'ric paper, and of 
restoring the blue color of reddened litmus. 

586. Chlorine has a pbwe'rfld affinity for metallic substances. 
It combihesreadily with most metals at common temperal^ures, 
and the action is in many instances so violent as io be accom- 
panied with the evolution .of light. For example, when pow- 
dered zinc, arsenic, or 9ntimony> is thrown into a jalr of chlo- 
rine ^as, the metal is Instantly inflamed: Tho attraotibn of 
chlorine for metals even" surpasses thdt- of oxygen. Thus, 
when chlorine is brought iiito coiitact at Ji red heat with pure 
lime, magnesia, baryta, strontia, pbtassa, or soda, oxygen is 
emitted, and a chloride of the metal is generated, the elements - 
of which are so strongly united t^at no temperature. hitherto 
tried can separate them. AH 'Other metallic oxides are, with 
few exceptions, Eicted on ii^ the same manner by chrorine, and 
in some cases the change takes place below the temperature 
of ignition. * .- . . ^ ' ' \ 

Most of th€$ metallic chlorides are solid at common tempera- 
. tui^s.' They are fuisible by heat, assume a cryjstaline texture 
* in cooling, and under favorable circumstances, crystalize with 
regularity^ Several of them, such as the chlorides qf tin, arse- 
nic, antimony, and xnercuryi are volatile, and may be sublimed 
without change. ^ They afe for the most part colorless, do not 
possess the metallic lustre,.and have the aspect of asalt. Two 
of the chlorides are insoluble in water, namely, chloride of 
silver and protochloride of mercury; several, such as the chlq 
rides ^ antimony, arsenic, and tjtanium, are. decomposed bv 
that liquid ; but most of them are more or Jess soluble. 
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Some of the' metallic chlorides are (decomposable by heat» 
especially those of ^old and platinum. Most of them are de- 
composed by cOnqentrated sulphuric acid, or by hydrogen at 
a red heat; . . - . ' . 

Metallic chlorides mjty in most cases be formed by the direct 
action of chlorine on the pure metals, or by dissolving them or 
their oxides in hydrochloric acid, and evaporating to drjrness. - 
All chlorides, when in solution, may be recognized by- yield- 
ing, with nitrate of silver, a white precipitate, which is chloride 
of silver. It^shortly turns black by exposure to light. 

687. When.a metallic chloride is^ dissolved in water, two dif- 
ferent views toay be taken of the chatiges that occur. First, 
the chloride may be dissolved as such in the-watfer, and a real 
solution of the chloride in. water be formed. . When the water 
is evaporated, the chloride will again be deposited, in some 
cases in a crystaline form# . ' ' . ' 

Secondly,' the chloHde, On coming in contact with the water, 
may be decomposed at the same time with a portion of the 
water ;*the chlorine of the chloride mixing with the hydrogen 
of the water to form hydrochloric ;acid, tne metallic base of 
the 6hloride being at the same time oxydized by the oxygen 
of the water. The solution then will be a solution.of the hyfiro- 
chlorate of the base of the chloride, instead of the chloride its- 
elf. The chloride. of potassium, on, this theory, therefore, on 
l;eing dissolved In water, is converted into hydrochlorate of 
» potassa; and when evaporated to dryness, th^ elements* exist- 
ing in the salt reunite as they were before soIutioiT was 
attempted, and crystals ofohtoridd of potassium are deposited. 

Of those compoufids which, on crystalizing, retain water or 
its elements in combination, twcophiion^ may be formed. 
Thus, crystajized^ hydrochlorate of baryta, which consists of 
one" equivalent of chlorine, one of barium, two of oxygen, and 
two of hydrogen,* maybe regaMed. as a compound either of 
hydrochlorate of baryta, with one equivalent of water of crys- 
- talization, or of chloride of barium, with two equivalents of 
water. When exposed to heat, two equivalents of water are 
expelled, and chloride of barium is left. . " * 

The probability is that in some cases metallic chlorides are 
dissolved as such in water,* according to the first of the above 
hypotheses, and that In other casea they are converted at the 
iDoment of solution into hydrochlorates^ -as explained by the 
' second. It is^ usua], however, to speak of^ them all 'as being 
dissolved as such in wat^, to avoid the recurrence of two-fold 
explanations.. ' •' . " 

The remarks made in this place concerning the metallic chlo- 
rides, will apply in tjie^ salne manner tb the iodfdes, bromides, 
and fluorides. '. . ' ; - 

588. Jodine has a strong attraction for .metals ; and most of 
the compounds which it forms with them sustain a red heat in 
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close vessels without decomposition. Bat in the* degree of its 
affinity for metallic substances it is inferior to chtorine and 
oxygen. If the vapor of iodine is brought in- contact -with po- 
tassa, soda, protoxide of lead, or oxide of bismuth, heate^-to 
redness, oxygen gas is evolved, and the nietals of these oxides 
will unite with iodine. But iodine, so far as is known, cannot 
separate oxy^n firom any other metal; nay, all the iodides, 
except those just meiitioned^^ate decomposed by .exposure to 
ixygen gas at the temperature- of ignition. AH the Iodides are 
uecomposed by chlorine, bromine, and concentrated sulphuric 
And nitric acids; and the iodine. which is set free may-be recog- 
dized either by the color of itis vapor, or by its action on starch 
{561). The metallic iodides are generated under circumstances 
analogous to those above mentioned (58&) for procurii^g the 
chlorides. 

The action of iodine on metallic oxides, when dissolved or 
suspended in water» is. precisely analogous to that of chlorine. 
On adding iodine to a solution of th^ pure alkalies or alkaline 
earths, an iodide andibdate are' generated (649). 

Bromine, in its affinity for metallic substances, is int^rme^ 
diate between chlorine and iodine; for while chlorine disen- 
gages bromine, from its. combination, with metalls, metallic 
iodides ^re decomposed by bromine. ' - / 

589. Aer fhiorine has but recently ^e^ obtained in an insu- 
lated form, and then only in mixture with chlorine, the nature 
of its action on the metals is not well known; but the chief dif> 
ficulty. of procuring it in a separate state (569) appears to arise 
from its extremely powerful affinity for 'metallic substances, in 
consequence' of Which^ at the moment of becoming free, it 
attacks the vessels and fi^struments employed in its prepara- 
tion. The fluorides are, without exception, decomposed by 
concentrated sulphuric acid, with the aid of heat. 

590. Sulphur, like the preceding el^nentary substances, has 
astrong tendency to unit^ with metals, and the combination 
may bfe effected in several ways : 

1.. By heating the m'etal directly with sulphur. The metal, 
in the form of powder or filings, is mixed witiy a due'propor- 
tion of sulphur, and the mixture heated in an e^arthen crutible, 
which is covered, to prevent the access of air ; or if the nietal 
can sustain a red hea^. without fusing, the vapor of sulphur 
may be passed over it while heated to redness in a tube of 
porcelain. Sometimes it is sufficient to hold the substance in 
a jet of vapor of sulphur, which, of course, must be higHly 
heated. A real combustion, in perfect accordance with the de- 
finition of this term, given above (133 and 373), takes place> in 
which the vapor of sulphur serves as the, supporter. 

2. By igniting a mixture of a metallic oxide and sulphur. 

3. By depriving the sulphate of an oxid&, of its oxygen, by 
. 20 
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means of heat andr combustibje matter. Charcoal or hydrogen 
gas may b^ employed for the pmrpose. 

4. By the action of hydrosulphartc acid, or a soluble sol- 
phur^t upon the metallic salts. 

The sulphurets are opaque, brittle i3olids, many of which, 
such as the sulphurets of lead, an^oaoAy, and iron, have a me- 
tallic lustr6. They are all fbsible by heat, and commonly as- 
sume a crystaline texture in cooling; Most of them are fixed 
in the fire; byt the 'sulphurets of mercury and arsenic are 
rems^rkabl^e for their volatility. All the sulph.iirets, excepting 
those t)f the £rst class of metals, are insoluble in water'. 

Most of the protosulphurets support an intense heat without 
decomposition ; but, in general, those t^hich contain more than 
one equivalent of sulphur, lose^rt of it when' strongly heated. 
They are aQl decpmposed, without exception, by exposure to 
the combined agenc^ of air or oxygen gas and heat ; and the 
products depend entffely on the degree of heat and the nature 
of the nietali Sometimes the sulphuret is more or less con- 
verted into, the sulphate of an oxide» and at others the sulphur 
is. evolved under the form of sulphurous acid, and a metallic 
oxide, or even the pure metal, remains. . . 

59 L Aii opiniQti formerly prevailed that inany t>f the metallic 8u)phijreta 
are compounds of sulphur and. a metallic oxide. For instance, sdlphiiret 
of potassa tnd sulphuret of soda, as they were called, w%?e supposed to he, 
as the names indicate compounds of sulphur,with these alkalies. . But it 
has been shpwn bj BerzeHus. and others, that the sulphuB, instead of com- 
bining with the alki^i^ unites with its me.taUic haise. The ' Compounds 
i^entioned above, there^re, «r6 to be^codsidered as sulphuret of potassium, 
and sulphuret of sodium. By the action of sulphur* upon a metallic oxide, 
in those cases when combinatioii takes place, a part of the oxide is decom- 
posed, the ox^g^n gf which combines with a portion of the sulphur, forming 
sulphuric acid, the metal itself immediately combining with another por- 
tion of the sulphur to iprm a metallic sulphuret The sulphuric acid pro- 
duced in this manner unites immediately with a part^of the oxide, so thaf 
the result will be a mixture of sulphuret of the metal itself, and sulphate of 
its oitide. ■ r 

So also when carbon or a current of hydrogen is brought in contact with 
a metallic sulphate intensely heated, the sulphuric; acid and the metallic 
oxide^are both deoxydized, and a metallic sulphuret obtained. It is there- 
fore rendered very certain that no definite- compocmd of sulphur and a 
metallic oxide exists.' . ^ ' > 

Many of the metallic sulphurets iii some respects' much resemble the 
oxides. Some o1f them are acrds and others b^ses, which unite to form ap 
important: class of salts, -called suZpAur sa22s»a0 will hereafter be shown. . 

Several of the mptallic sulphurets. occur, abundantly in nature. Those 
that are most frequently met with are the sulphurets of lead, antimony, 
copper, irop, zinc, molybdenum, and silver. . , . 

592. The metallio tieleniurets Have so close a resemblance in their chemi- 
cal relations to the sulphurets, that it is unnecessary to give a separate de- 
scription of them. They may be prepared either by bringing selemum in 



MBTAL8. 231 

contact with the metals at' a high temperatui;e, ot by the action of hjdro* 
aelcnic acid on jnetallic solutions. * 

-Chemists are acquainted with several metallic phosphurets;, and it is .pro- 
bable that phosphorus, like sulphur, is capable of uniting with all the metals,^ 
but the subject has received comparatiyely little attention. . 

The metallic ^bosphureis- may be^repared in several ways ; as, by bring- 
ing phosphorus in contact with the metals, at a high temperature, by ig- 
niting them in contact with phospliorup, or by transmitting a current of 
phosphuretted hydrogen gas over ipetallic oxides heated -to redness in a 
porcelain tube. 

Phosphbrus is said to unite with metallio. oxides. For.example, phos- 
phoret of lime iff said to be formed by conducting the vapor of phosphorus 
over that earth at a low red heat; but it is probable tbiat in this ibstanee, as 
with a mixture of sulphur and an alkali, part of the metallic oxide is de- 
composed, and that the product contains phospbiuret of calcium and. phos. 
phate of lime. 

The only metallic carburets of importance are. those of iron, which. will 
be described in the section on that metal. *' • '^ ' 

- Some of the' nietals,'as tellurium,- arsenic, and antimony, combine with 
hydrogen anil fbrm gaseoud' compounds, whioh ■ in their constitution a^d 
properties closely ^resemljle the sulphurets (496) ^nd phosphurets'(515) of 
hydrogen.' In these compounds the. hydrogen is th^ electro-positive ele- 
ment, the metal playing the part of the sblphur>r phosphorus. 

593. .The discoveries of modern cbemiAry have materially added to the 
number of the metals, especially by associating with them' a dais of bodies 
which was formerly believed to be of li naUHe entirely "difEbrent. ,The me- 
tallic bases of the alkalies add eaftfaa, ^vevious fe the year ]?607, were alto- 
gether unknown ; and before that date, the list of metals, with few excep- 
tions, included those only which are commonly employed i^ the arts, and 
which are hence often called the common metals. In consequence of this 
increase in number^ it is found convenient, for tbe.pUrpQBe .of description, to 
arrange tbem in> separate groups; and they are the're&re divided into two 
dasse?, and each elass into three orders. ' . 

Class I. Metals which, by oxydation, yield alkalies and earths. 
Class II. Me£als, the oxides of which are not alkalies or 
earths. ;, . * • . 

Class I. This classinchides-twelVe metals, which may pro- 
perly be arranged in three orders. 

Order 1 . MetallKs bases of the alkalies. They are three in 
number: namely, ^ 

Potassium, . . ' . Sodium^ - Lithiuto, 

These metals .have such a powerful attraction for oicygen, 
that they decdmpos^ cold water^ and evei> ice at the moment 
of contact, and are oxydized with disengagement of hydrogen 
gas. The resulting t)xidef5 are distinguished by their causti- 
city and solubility in water, and by possessing alkaline proper- 
ties in an eminent degree. .They are called alkalies^ and their 
metallic bases are .'sometimes termed aJkaUne or ftlkaliffenous 
metals. . . ^ 

Order 2. Metallic bases of the alkaline ei^rths.* Thes9 are 
four in number ; namely, 
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Barium, Stronjluni, Calcium, Magnesium, 
These metals, ejfcepting magnesiuipi, al^o decompose water 
rapidly at common temperatures. Tlie resulting oxides are 
.called alkaline 'garths; because, while in their appearance 
they, resemble the earths, they are similar to the alkalies, in 
having a strong alkaline reaction with test paper, and in neu- 
tY*alizing acids. The three first are stronjgly caustic, and baryta 
and strontia are soluble in water to a considerable extent. 

Order 3. Metallic bases of tjie garths. These are 'five in 
number; namely, , ^ 

Aluminum, Yttrium,^ Zirconium, (^^lucinum. Thorium. 
' The oxide^ Of these metals are well known as the pure earths. 
They are white and of an earthy appearance, in their ordinary 
state ajre quite insoluble in water, and do not afifect the color 
of turmeric or litmus paper. As salifiable bases they are infe- 
rior to the alkaline earths. - -^ 

Class IL. The number of the metals included in this class 
amounts to thirty: The protoxides of most of them, and some- 
times the sesqiii and binoxides, ^ct as salifiable bases in uniting 
with acids, and forming saljts ; '' but in this respect they are much 
inferior to the alkalies and alkeiline earths, by which they may 
.be separated from their combinations. Several of these metals 
are capable of formings with oxygen compounds, which possess 
the character of acids. The -metals in which this property hias 
been noticed are manganese, arsenic, chromium, vanadium, 
molybdenum, tungsten, columbium, antimony, titanium, tellu- 
rium, gold, osmium, and tin. 

The metals belonging to ^he secpnd class may he conveni- 
ently arranged in, the three following orders :* — 

Order 1. Metals Which decompose water at a red heat. They 
are seven -in number ;' liamely, 

Manganese, Cadmium, ■ Cobalt, Iron, 

Tin, iSickel, Zinc, ^ 

Order 2. Metals which do not decompose water at any tem- 
perature, and the oxides ^f which are not reduced to the me- 
tallic state by the sole action of heat. Of these there are fif- 
teen; namely. 

Arsenic, Columbium, Bismuth, 

Chromium, Antimony, Titaiiham, 

Vanadium, Uranium, - l^elluriuin, 

Molybdenum^ Cerium, Copper, 

Tungstei;!, - ^ Lanthanum, Lead. 

. Order 3. Metajs, the oxides of which are decomposed by 'a 
red heat. These are, . . 

Mercury, Platinum, Osmium, 

Silver, Palladium, Iridium. 

Gold, ' Rhodium, 
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SECTION tl. 

METALLIC BASJSB OF THE ALKALIES. 

POTASSIUM. 

Symbol K I Equivalent ^^l^ 

' 594. Potassium, or kaliuln, was discovered by Davy, in the 
year 1807, in the following manner : Hydrate of potassa, 
slightly moistened, for the purpose of increasing its conducting 
power, was made to communicate with the opposite pol^s of a 
powerful galvanic battery, formed by uniting several smaller 
batteries'; when the Oxygen both of the water and the potassa 
passed, over to the positive pole; while* the* hydrogen Of the 
former, and the* potassium of the latter, made their appearance 
at the negative pole. By this process, potassium is obtained 
in smallquantity only ; but Gay-Lussac and Thenard invented 
a method by which a more abundant suj^ly may be procured. 
Their process consists in bringing fused hydrate of potassa in 
contact with turnings of iron heated to whiteness in a gun- 
barrel. * The iron, under these circumstances, deprives the 
^yater and potassa of oxygen, hydrogen. gas combined -with a 
little potassium is evolved, and pure potassium sublimes, and 
may be collected in a cool part of the apparatus. 

Potassium jnay also be prispared, by mixing dry carbonate 
of potassa with half its weight of pqwdered charcoal, and ex- 
posing the mixture, contained in a' gun-barrel or spheroidal 
iron bottle, to a strong heat. 

A further improvement consists in mixing the flised carbo- 
nate of potassa intimately with a inixture of iron filings and 
charcoal powder^ and exposing to a high temperature. An 
intimate mixture of carbon with, the ciirbonate of potassa is 
obtained by. heating tartrate, of potassa to redness. 

595. Potassium is .solid at the ordinary temperature of the 
atmosphere. At 70^ it is somewhat fluid, though its fluidity is 
not perfect till it is heated to 160°. At 60° it -is soft and mal- 
leable, and yields like wax to the pressure of the fingers ; but 
it becomes brittle* when cooled to 32°^ It ^blimes at a low 
r/ed heat, without undergoing any change, provided atmo- 
spheric air t)e completely excluded. Its texture is crystaline^ 
as may. be seen by breaking it across while brittle, and cubical 
crystals of it have been obtained.. In cojor and lustre it is 
very similar to lead. At '60° its density js 0.865, so that it is 
considerably lighter thaiv water. It is quite opaque, and Is a 
good conductor of heat and dectricity: ^ 

The most prominent ch^mipal property of potassium is its 

20* 
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affinity for oxygea^gas. It oxydizes rapidly in the air^.or by 
contact with Huids iM^hich contain oxygen* 

It -decomposes water the. instant it touches it, uniting with 
the oxygen, and sufficient heat is produced to inflame the po- 
tassium. When the. potassium is kept under water violent 
reaction takes place, but without light, and pure hydrogen is 
evolved. Potassium burzis with a beautiful rose-red flame. 

596. On account of its strong af^lty^for oxygen, potassium 
is always preserved in glass tubes hermetically sealed, or under 
some liquid, as naphtha or oi) of copaiba, neither of which con- 
tains oxygen. j • ' • 

This metal will even take fire and bto'n brilliantly in carbonic 
acid, if first heated to Ignition. The oxygen combines with the 
potassium, and the carbon is deposited. 

POTASSIITH AND OXTaBN. 

There are two compounds, of. these substances, the protoxide 
luid peroxide, composed as follows: 

Pohi99iutn' Oxygen, Equiv, SymboU. 

Protoxide...... l*q.+ I eq.,...47.15....KO 

Peroxide..., ...1 eq^ + 3 eq..*..6ai5....K03 

597. Protoxide cf ffoiasaium. — This compound, commonly 
called potash or pot aeaaj and by the Germans, /ca/i (an Arabic 
word), is. always formed when potassium is put intd wa(er, or 
when it is -exposed at eommoa temperatures to dry air or oxy- 
gen gas. By the former -method the protoxide is obtained in 
combination with water ; and in the latter it is anhydrous. . In 
performing the'l^strttiehtioned process, the potassium should 
be cut into yery thin slices; for otherwise the oxydbtion is 
incomplete. 

Anhydtbus potassa is prepared "by the slow, oxydation of 
potassium,, as already mentioned. In its pure state it is a white 
solid substance, highly caustic, ^vf hich fiises at a temt)erature 
somewhat above that of redness, and bea^^s the strongest heat 
of a wind fiimace without being decomposed or Volatilized. It 
has a powerful affinity fc«* water, and intense he^t is disengaged 
during the act oFcombination. 

Three hydrates are known, which are composed of 47. 15, or 
1 eq. of potassa, united with 9.27, and 45 pJarts, or 1,3, and 5 
eq. of water, respectively. 

The pfotohydraie of potassa iff solid at common tempera- 
tures. It fuses at a heat rather b^ow redness, and assumes a 
somewhat crystaline texture in cooling. It is highly deliqjues- 
cent, and requires about half its weight of water for solution. 
It is soluble, likewise, in alcohol.. It destroys all aniifial tex- 
tures, and on this account is employed in surgery as a caustic. 
It was formerly called lapU cauaticus, but it is now often termed 
potassa and potassa fusa. This preparation isonade by evapo- 
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ratings the aqaeons solution of potaa^ in a silver or cle^n iron 
capsu!e» to the consistence* of oil, and then, pouring it into 
moulds. In this state it is impure, containing oxide of iron, 
together with chloride of potassium, and carbonate and sul- 
phate of potassa. It is purified from these substances by so- 
lution in alcohol f and eviiporation to the same extent as before 
in a silver vessel The operation should be performed expedi- 
tiously, in order i6 .prevent, as iar as possible, the absorption 
of carbonic acid. When common caustic potassa of the drug- 
gists is dissolved in water, a number of small bubbles of gas 
are disengaged, which is pare oxygen. ,The water capinpt be 
expelled ffom this' compound by any de^ee of heat to which it 
has been exposed. " Its specific gravity is 1.71. 

The4erhydrate of potassa is formed by exposing the proto- 
hydrate to the £ur for a short ^ime. At first it becomes moist 
very rapidly, but after st- certain quantity of water- has been 
al;)sorbed, it again becomes dry s^nd appears very much as at 
first, but is wmter, and its texture more crystaline. It. is then 
found to contain three equivalents of Water. The quintohy- 
drate is obtained by exposing a Very concentrated solution of 
potassa to an intense "cold. It is then deposited iii four-sided 
prisms, terminated by a four-sided pyramid, and iSom.etime^^ in 
four-Hsided tables and octahedrons. ' ! 

598. The aqueous solution of potassa, q.qua potassiB of the 
pharmacopoeia, is prepared' by decomposing carbonate of po- 
tassa by lime. To effect this object completely, it is advisable 
to employ equal parts of quicklime and carbonate of potassa. 
The lime, as, soon as it is slaked, is added to the carbonate, 
dissolved in ten times its weight of hot water, and the mixture 
is .boiled briskly, in a clean iron vessel, for about ten minutes. 
The liquid, affer subsiding, Is filtered through a funnel, the 
thrqat of which is <9bstruct6dl by a piece of olean linen. This 
process is fqunded on the fact that lime deprives carbonate of 
potassa of its acid, forming an insoluble carbonate of lime, and 
setting the pure alkali at hberty. If the decomposition is com- 
plete, the filtered section should not effervesce when neiitral- 
ized'with an acid. 

The decomposition of carbonate of potassa by lime takes 
place only whenjfehe solution is largely diluted with- water, as 
at>ove directed. On the .contrary, carbonate of lime is. itsejf 
decomposed by a strong solution of .potassa. 

599. As pure potassa absorbs- carbonic acid rapidly when 
freely exposed to the atmosphere, it is desirablejto filter its so- 
luticm in vessels containing ai? sniall a quantity of air as possi- 
ble. This is easily effected by means of the filtering apparatus 
devised by-Donovan. It consists of two vessels A and D, of 
equal capacity, and connected with each other; as represented 
in figure 82. The throat of the upper vessel or funnel A is 
obstructed by a piece- of coarse linen loosely rolled up, and 
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Fif.8a. not pressed down into the pipe itself 

through which the sohition is filtered. The 
pipe c, extending from c-to 6, serves for 
the air to pass from the lower vessel to the 
upper; and the operation goes quietly on^ 
free from contact' with the atmosphere, ex- 
cept the little contained within the appara- 
tus at the be^nning of the process. 

Solution of potassa is highly caustic, and 
itr taste intensely acrid. It possesses alka- 
line properties in an eminent degree, con- 
verting the vegetable blue colors to green, 
and neutralizing the strongest acids. It 
absorbs carbonic acid gas rapidly, and is 
consequently employed for withdrawing 
that, .substance, from gaseous mixtures. 
For the same reason it should be preserved 
in well-closed bottles, that it may not ab- 
sorb carbonic acid from the atmosphere. 

600. Potassa is employed as a reagent 
in detecting the presence of bodies, and in 
N « separating th^m from each other. The 
solid hydrate, owing to its* strong afiinify 
for .water, is.nsed ror depriving g&ses of 
hygrometric moisture, and is admirably 
fitted for forming frigorific mixtures. ' , 

It is us^d extensively in the manufacture of soft soap by 
causing it to combine with tallow or other animal matter. For 
this purpose the carbonate it contains is rendered, caustic by 
filtering the solution through recently slaked lime. 

The potassa or potash of commerce is obtained by lixivia- 
ting the ashes of wood and ether Tegetable dul^stances. It is 
a variable mixture of pure potassa, carbonate, and sulphate of 
potassa, and-a variety of other. substances. The pure potassa 
seldom exceeds twenty per cent. This subject will be, again 
referred to under Carbonate op Potassa. 

601. Potassa may generally be vei^ readily distinguished 
from another substance's except soda.< When pdre, br in the 
form of a Gart)onate, tartaric acid is a sufficient test, which 
forms with potassa a slightly<soluble compound,' bitartrate of 
potassa^ but the corresponding salt Of ^oda is highly soluble. 
When combihed with a strong acid, potassa may be known by 
giving with chloride of platinum a yellow .precipitate, the 
double chloride oif platinum and pota^ium. 

The following test lias been recommended by M. Harkort, 
for distinguishing between potassa' and soda in minerals. 
Oxfde^of nickel, when fused by the blowpipe flame with borax, 
gives a brown glass; and this glass, if melted with a mineral 
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containing potassec, bec0nies blue, an efieet which is not pro- 
duced by the presence, of soda. 

602. Peroxide of Pota8<t«7ii.-rrWhen potasHomJiunis in the«open air in 
oxygen gas, it i's converted into an orange-oelored ^obstanoe, which is per- 
oxide of potBBsinm; .It may likewise be forined by conducting oxygen gas 
over potassa at a red heat ; and it is produced in small quantity when po- 
tassa is heated in the open air. It is the residue of the deoomposition of 
nitre by heal in metallic vessels, .provided the temperature be kept up for ». 
sufficient time. Wh6n the peroxide is put into wat^r, it is 'resolved into 
oxygen and potassa, the fbrmer of which escapes with effervescdhito, and the 
latter is dissolved. 

It may therefore be used, as.bas been suggested, to obtain oxygen^ e^m- 
)>oraneously. ._ - 

* POTASSIUM AND CH^O.RINE. 

There is but one compound of palatum and chlorine. 

Poto««tum. (Morine. : "Efjpiw, Syihibdl, 
Chlofide-of potassium . • . . 1 eq. -4~ 1 eq. 74.57 . . • . . .. KGl 

603. Chloride of Poto«m«m.<— Potassium takes fire spontaneously in an 
atmosphere of chlorine^ and burns with greater brilliancy than in oxygen 
gas. This chloride is generated with evolution of hydtosen wbeii pota9- 
siup is heated in hydrochloric acid gas ; and it is the residue after the de- 
composition of "Chlorate of potassa by heat It is formed when potassa is 
dissolved in a solution of hydrochloric acid, and is deposited by slpw evapo- 
ration in anhydrous eolorless cubic crystals. It has a saline and rather 
bitter taste^ is insoluble in alcohol, and requires for solution 3. parts of jrater 
at 60<'. 

POTASSIUM- AND . IODINE. 

PatOMnum, Mine, Equit, ' SytnhpL • 
Iodide of potassium » .1 eq. + 1 ^^ • • v^^*^^* • • • 'KI 

604. lodi^ of Pottuaium.—'Vhik Oompound is formed with- evolution of 
heat and light, when, potassium is- heated in contact with iodine : it is the, 
sole residue after decomposing iodate of potassa by. heat ; and by neutral- 
izing potassa with hydriodic aeid it is obtained in solution. The simplest 
process for piieparing it in quantify is to add iodine to a hot solution of pare 
potassa wiUi tiie alkali is neutralized, when iodide of potassium and iodate 
of potassA are generated, evaporate to dryness, and expose the dry mass in 
a platfnum cnieible to a gentle red heat, in order to decompose the iodate. 
The fused mass is then dissolved Out by water and crystalized. 

Iodide of potassium fuses readily when heated, and rises in vapor at a 
heat below full redness, especially in an open vessel. It is very soluble in 
•water, requiring oiUy two-thirds of its weight at 60° for solution, and in a 
moist atmosphere deliquesces. It dissolves also in strong alcohol, even in 
the cold, and the. solution, when evaporated, yields colorless cubic crystals 
of iodide of potassium. 

The commercial iodide is. frequently impure, often containing chloride 
of potassium or aodiuOi, and sulphate of carbonate of potassa, the last some' 
times in a iiery large quantity. It is "Well to purchase it in crystals, which 
ought not to deliquesce in » moderately' dry air, but when in powder are 
completely solnble in the strongest alcohoLr 
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This substance is frequency mid ander the name X}f hydriodate ofpgtam^ 
It is properly a hydriodate only while in sohition, alwaya^hangingto ^ide 
of potassiam when evapori^ted to drjaiess. Under the name just mentioned, 
iodide of potassium is much used in medicine at the present time. 

■ ' * . 

POTASSiyM AND SULPHUR. 

Potassium and sulphur unite in five proportions, as indicated 'in the fol- 
lowing table: . . • ' 

PctassiUnk SiHphitr, Eguiv, Sfymbcis. 
. Sulphuret. .. r^ .••«.... .X eq. -f- I'eqr. « . . 55.25 .... KS 

Bisulphuret 1 eq. 4- 2 eq 71.35.... KSa . 

Teraulpfauret. *..leq, -f- Swj..,.. 87.45.i.-.KS3 

. Quadrosulphuret 1 eq. rV- 4 eq. . . . .103.55 .... KS4 

.Qviintosulphuret '. . .1 eq. -jr 5 eq; ; . .119.65 .... KSy 

. -665. Prototulphuret of Pfltoaaititn.-^Potassium unites readily with sul> 
phu£ ^y the aid of gentle heat, emitting, so much heat that the mnsip be- 
oonies incandescent The nature of (he product depends on th& proportions 
which are em'j^iloyed.. The protosulphuret is readily prepiared by decom. 
posing sulphate of potassa by charcoal or hydrogen gas at & red heat It 
may be prepa'red In thenjkoist way by v process which wHl be'm«iti<med in 
describing the eulphur-salta. 

The pTOtofulphuretof potassium fuses below a red heat, and acquires, on 
cooling, a crystaline texture. It has a red color, itd taste is at first strongly 
alkaline and then sulphtirous, has an alkaline reaetien with test paper, de. 
liquesces on exposure to the air, and is soluble in water and alcohol. Most 
of the acids decompose it with evolution of hydrosulphuric acid gas, and 
without any deposite of sulphur. It takes fire when heated before the blow- 
pipe, and quickly acquires a coating ef siilphate of potassa, which stops the 
combustion; but when mixed in fine division with charcoal, it kindles 
spontaneouriy, Ibrming a.good pyrophorus. 

The tersulphuret, or, according to Thomson, the quintosulphuret, was 
formerly called hepar ttdpkuris or liver of sulphur, - ' 

These, compounds, it will be observed, beautifiilly illustrate the third 
law of combination (321). It ib thought there ^re so^'e indications of a 
still higher degree of sulphuration. 

POTASSIUM AND I^YDTlOaBN.^ 
606. These subst&iices unite in two proportions, forming, in one qjtse, a 
gaseous, and in the other, a solid compound. The former inflames spon- 
taneously in the open air, and the latter is readily decomposiBd on coming 
in contact with water. The solid contains the least hydrogen. . 

Potassium combines also with bromin^ fluoriiie,' caiMion, phosphorus, 
selenium, &,c 



iaDiuM. 
Symbol Nd; Equivolent 23.3. 



607. Sodium, the natrium of the Germans, wafi discovered in 
1807, by Davy, a few days after the discovery of pota^um. 
The first portions ofJt were obtained by means of galvanism ; 
but it may be procured in much Jarger quantity by chemic^ 
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processes, precisely siBiikr ta those Just described for obtain- 
ing potassium. . . ' 

Sodium has- a strong metallic, lustre, and ii> color is very 
analogous to silrer. - It is^ so soft at common temperatures, that 
it may be formed into leaves by the pressure of the fingers. It 
fuses at 200^, and. rises- iarapor at a red heat. Its specific 
gravity 'is 0.97. 

L Sodium i^opn tarnishes oq exposure to the airi thpush less 
rapidly than potassium. Like that metai.it is instantly oxy- 
dized by ws^ter, hydrogen gas In temporary 4imon with a little 
sodium being disengaged'.. When. thrown on cold water, it 
swims on its surface and is rapidly oxydized, though in general 
without inilaming; but with hot' water it" scintil&tes, or even 
takes fire. Indeed, the heat rises high enough for infiammatioh. 
with cold water, if the sodium be confined to one spof, and the 
water rest on a non-conducting substance^ such aseharcoal. 
In each case soda is generated,- and the water acquires f^i-alka^ 
line reaction. 

Sodium burns with a beautifiil yellow flame, which readily 
distinguishes it from potassium. *' 

.ALLOTS OP SODIUM. ' 

618. Little is known Of the alloys of the metals belonging to 
the first elas^. It is^ known, however, that sodium and potas- 
sium form an alloy which is so fiisible that it is liquid at ordi- 
nary temperatures. "'' 

SODIUM AND OXYGEN^. 

Sodium and oxygen combine in two proportfons, as indicated 
in the folio wing 'table: ' 

Sodium, Oxygen, ■ Equiv. tSymbols^ 

Protoxide... .: '...leq.-f 1 eq....31.3...NaO 

Peroxide \ ,. . . .2 eq. -j- 3 eq 70.6. . .NajOg 

619. Protoxide 4)fSodium,'-^he protoxide of sodium, com- 
monly called Vod(J, arid by the Gei^maQs, natron, Is formed by 
the oxydation of sodium, as potassssC^Jrc^m potassium. In itk 
anhydrous state, it is a gray ^olid, dif&'ciiHjif tAision, and very 
similar, in all its characters, to potassa. With water it forms 
a solid hydrate, easily fusible by heat, which is very caustic, 
soluble in water arid alcohol, has powerful alkaline properties; 
and in all its chemical relations is exceedingly analogous to 
potassa. The solid hydrate is composed, of 31.3 parts or ohe 
equivalent of soda, ami 9 parts or one equivalent of water. 

The soda of commerce is properly the carbonate or bicar* 
bonate, generally the latter. From the carbonate of soda the 
pure caustic soda may be prepared in the same manner as 
caustic potassa. . . ' 

620. Soda is readily distinguished from other a,IkaUiie boseti 
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by the following characters. 1. It yields. with sulphuric acid a. 
salt, which by its .taste and form is easily recognised as Glau- 
ber's salt, or sulphate of soda.- 2. AH its salts are soluble in 
water, and are not precipitated by any reagent. 3. On exposing 
its salts by .means of platinum wire to the blowpipe flame, they 
cdmiQunicate to it a rich yellow color. 4. It may easily be dis- 
tinguished from pptassa, the only substance for which it can 
ever be mista^^en, by its forming a soluble salt with tartaric 
acid O&ll), ■ 

• 611. Peroxide ef Sodiuni,-^ThiB compound is formed^when sodium is 
healed to redness'in an excess of oxygen gas. It has an 'orange color, has 
neither acid nor alkaline "properties, and is resolved by water into soda and 
oxygen. There is fome doubt conoeniing its actual composition. 

~* -SODIUM AND CHL0RIN;E. 

Sodium and chlorme combine with ^eat energy, but only in 
a single proportion. -, 

Sodium. Chloririfi^Eauiv, Stm^Md. 
Chloride of sodium 1 eq. -f 1 eq. . . .5o.72. . . .NaO 

612. Chloride of Sodium. — This compound may be formed 
directly by burning sodium in chlorine, by heating sodium in 
hydrochloric acid gas, and by neutralizing soda With hydro- 
chloric acid. It exists as a mineral under the name of rock 
salty is the chief -ingredient of sea- water, and is contained in 
many saline springs. From these sources are derived the dif- 
ferent varieties'of common salt, such as rock, bay, fishery, and 
stoved salt, which difier from each otlier only in degreed of 
■purity and mode of preparation. 

The. common varieties of salt, • of which rook and bay salt 
are the purest, always contain small quantities of sulphate of 
magnesia and lime, and chloride of magnesium. , Tiiese earths 
may be precipitated as carbonates by boiling a solution of salt 
for a few minutes with a slight excess of carbonate of soda, 
filtering the liquid, and neutralizing with hydrochloric acid. 
On /evaporating this solution rapidly; chloride of sodium crys- 
talizes in hollow four-sided pyramids'; but it occurs in regular 

• cubic crystals when the solution is allowed to evaporate spon- 
. taneously. These crystals contain no water of crystalization, 

but decrepitate remarkably when heated, owing to the expan- 
sion of water mechanicaTly confined within theni. 

Pure chloride of sodium has an agreeably saline taste It 
fuses at a red heat, and becomes a transparent brittle mass on 
cooling. It deliquesces slightly in a moist atmosphere,, but 
undergoes no change when the air is dry. In pure alcohol it 
is insoluble. It requires twice and a half its weight of water 
at 60^ for solution, and its solubility is not increased by heat 
Hydrous sulphuric acid decomposes it with evolution of hydro- 
' chloric acid gas, and formation of sulphate of soda. - 
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4)13. The uses of chloride of sodium are well known. 
Besides its employment in s^soning food, and in preserving 
meat from putr^faetion, a property which, when pure, it pos- 
sesses in a high degtee, it is used for various purposes^ in the 
arts, especially iir the formation of hydrochloric acid and 
bleaching salt. ' - 

614. This substance was formerly supposed to be hydro- 
chlorate of soda, but it is found to be st> only while in solution, 
if at all, Jn ^consequence of the great use made of it, particu- 
larly to preserve animal substances from putrefaction, and for 
seasoning food, it is prepared in^lnM)st every country, <^en in 
immense (Quantities. In England, Poland, and otheir countries, 
the mineral salt is 'dug up fcom beneath ^he soil,, smd purified 
by solution and evaporation ; but in this country it is chiefly 
prepared from the brine of ^t springs. . The briiie is evapo- 
rated by boiling, generally, but o^en by the heat of steam, or 
tlie sun's rays. More than \2,000,QpO /bushels are annually 
-manufacturedv^in the town of Salina, New York, alone. The 
brine here contains more than i^ of its weight of pure salt 

, 615. The natural deposites of this- substance ?ire often very 
extensive; one in 'England is said to be half .a mile long, 1300 
yards wide, and 20 yards in thickness. Considerable search 
has been madejnthis country in the vicinity of brine springs 
for the solid deposite, but without success, -till recently it has 
been found at no great depth beneath the surface, in the vicinity 
of Abingdon, Virginia.. 

lawarm countries, as on the coast of Portugal, in the south 
of France, and the West India Islands, this substance i^ obtained 
by the spontaneous evaporation of sea- water, which is allowed,, 
on the rise of the tide^ to flow into shallow ba^sins, being passed 
from one to another, as it becomes more concentrated, ana 
finally, the evjtporation . being' finished by means of artificial 
heat. Sea-water usually' contains about 2.5 parts of chloride 
of sodium to 100 parts of the water, besides smaller proportions 
of several other compcUinds of magnesia and lime, which are' 
often found in salt, but which are separated from it in the 
manufacture a^s much as possible. 

It is worthy of reinArk that this substance, to which only, 
originally, the name salt was appropriated, and which subse- 
quently gave name to ftn immense class of compounds, is 
itself, by our present technical arrangement, entirely, excluded 
fconjlheclase... 

Sodium forms definite compounds with iodine, bromine, 
fluorine, sulphur, i&c, but they are not described in this 
work. * 

21 
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* . . ^- 

LITHIUM. 

Symbol £a ; Equivalent 6.^ 

616. This is a white-colored metal, like sodium, which was first ohtained 
by Davy, by means' of galvanism ; ^bot it was reconverted into alkali 89 
*tipi£y by tiie absorption of oxygen, that he did ndt succeed in colkcting it 
in any quantity. ^ ' "*, ^ ' . 

LITHIUM AN.D OXTOEJV. 
Lithium and oxygen fotm but a single compound, called liihitf, 

IMkiuni, Oxygen, Emiv. SymhoU^ 
. liithia 1 eq. *-H * 1 eq. ...... .14.4 LO 

617. Pr(ftbxide of LUIUumt or XAtkia, — ^This compound was discovered 
in 1818,' by AriWedson,^ pupil. of Berzelius, in a mineral called petalite.. It 
has since been detected in the minerals^ called spodnmeine,' lepidolite, (dur- 
mafine, &C.9 and in a solution in the waters of some mineral springs. 

Fsom the circumstance, of its having been £rst obtained from an earthy 
mineral, it has received its present name; lithia, from Xido;, a stone. It 
has hitherto been procured in small quantity oniy^ because spodumeme and 
petalite are rare, and do ilot contain mbre than 6 or 8 per cent of the alkali. 
It is coinbincd in these . two minerals with silicic acid and ^lumina ; 
whereas, potassa is likewise present in. lepidoHte and lithion-mica, and 
therefbre, lithia should be prepared solely from the former. 

-The best method for preparing lith'ia is to- mix intimately one part of 
petalite or spodumeme, in fine powder, with two parts of floor spar, and 
three or four of 'sulphuric acid, and heat gently hs long as any acid vapors 
escape. The silica is expelled in the form, of fluo>silicic acid (481), and sul- 
phates of aliimina and lithia remain, frofn which the alumina is precipitated 
by boiling in solution of aoNnonia. The liquid, which is-a-solution of the 
sulphates t>f ammonia and lithia, is now to be evaporated to dryness, and 
the sulphate of ammpnia expelled by Heating the. dry mass-to redness. The 
residue is pure sulphate of lithia, vvhich maybe converted into a carbo^iate 
by decomposing it by acetate of baryta, and heating^ to redness the acetate 
of lithia thus obtained'. The caustic hydrate m>iy be formed from the car- 
bonate by' the action of lime, as directed for preparing^ydrate of potassa. 

Lithia, in its alkalihity, in forming a hydrate with water, and in its 
chemical relations, is dosely allied to potassa and'eoda. It ia distinguished 
from them by its greater neutralizing power, by. forming sparingly soluble 
cjompounds with carbonic and phosph|orio acids, and oy its salts, when 
heated on platinum wire before the blowpipe, tinging the flame of a red. 
colon Also, vfheu fused on* platinum foil, it attacks that metal, and leaves 
a dull yellow trace around the spot where it lay. 

Lithium is capable of unitypg with chlorine, fluorine, &^c., but little it 
known .of the nature of the'compoispdst . 
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SECTION III.' 

XBtALLIO BASBS OF THE ALKALINfi BARTHS. 

• . V- . . . • . 

~ * ' BARIUM. 

• . • ^^ 

SpmM Bd ; Equivalent -68J. - . 

628. BAfiiutt, the metallic base of baryta, was discovered in 
the year 1808, by Davy, by a process suggested by Berzelius 
and Pontin. It consists in forming carbonate of baryta into a 
paste with -water, placing a globule of mercury in a little hollow 
made in its surface, and laying the paste on a platinum tray 
which communicates with the positive pole of a galvanic bat- 
tery of HX) Rouble plates, while the negative wire is'in contact 
with the mercury. The baryta is decomposed, and its barium 
combines with mercury. This amalgam is then heated in a 
vessel free from air, by which mea^s the mercury is expelled, 
and barium obtained in a pure form. 

By usin^ the chloride of barium in contact with mercury in 
a powerful galvanic battery, Hare hsis succeeded ih obtaining 
the metal in larger quantities than had before been found prac- 
ticable.. 

Barium, thus procured, is of a dark gi^y color, with a lustre 
inferior to cast iron. It is far denser than< water, for it sinks 
rapidly in strong sulphuric acid. It 'attracts o;xygen with 
avidity from the air, and in doing so yields a white powder, 
which is baryta. It effervesces strongly, from the escape of. 
hydrogen gas, wheji thrown into water, and a solution of bairyta 
is. produced. ' . 

BARIUM AND* OXYGBN. 

There are known at present but two compounds of barium 
and oxygen, the protoxide and the peroxide. . 

' Bqrium, Oxygen. Equiv. 8ynibdl$, 

Protoxide. 1 eq. + 1 eq : .76.7. . . . ;BaO 

Peroxide . , 1 eq. -j- 2 eq. . .T.. .84.7 BaOs 

62^. Protoxide of Barium.^- Baryies, or barythi so called 
from the great density of its compounds, (from /3a^uj, heavy^) 
was discovered. in the year 1774, by Scheeje. It is the sole pro- 
duction of the oxydation of barium in air and water. .It may 
be prepared by decompoising nitrate of baryta at a red heat, or 
by exposing carbonate of baryta, contained in a black lead 
crucible to an intense white heat ; a process which succeeds 
much better when the carbonate is intimately mixed with 
charcoal. . Baryta is a grey powder, the specific gravity of 
which is about 4. It requires a very high temperature for 



244 MANUAL OF CHEMISTRY. 

fusion. It has a sharp caustic alkaline taste, conyerts vegeta- 
ble blue colors to green, and neutralizes the strongest acids. 
Its alki^nity, therefore, is equally distinct as that of pbtassa or 
soda ;. but it is much .less caustic and less soluble in water than 
those alkalies.. In pure alcohol it is insoluble,' It has ^n exceed- 
ingly strong affiiiity'for water. When mixed with that liquid 
it slakes in the same n^anner as quicklime, but with the evolu- 
tion of a more intense heat, which soinetimes amounts to Inmi 
nousness. .The result is a white bu&y hydrate, fusible at a 
red heat, and which bears the highest temperature x>f a smith's 
forge without parting with its water. It is -composed of 76.7 
parts or one equivalent of baryta, and^ parts or pne equivalent 
of water. . • 

Hydrate of barytadissolvesui tlrt'ee times its weight of 
boiling water, and in twenty parts of watei* at the temperature 
of 60°. A saturated solution of l^aryta in boiling water depo- 
sites, in cooling, transparent, flattened, prismatic crystals, which 
are jcomposed, according to Dalton, of 76.7 parts or one equiva- 
lent of bar3rta,.and 180 parts or twenty equivalents of water; 
or, according to another analyst, one atom of bar3rta and ten 
atoms of water. 

Both the sulphate and the carbonate of baryta are found 
native, but the former much the more frequently. « It is there- 
fore generally used in preparing the nitrate, from which the 
pure earth is itself obtained, as is above described. 

To prepare the nitrate, the sulphate in fine powder is mixed 
with an eighth of its weight of powdered charcoal, and kept 
for some time at a white heat in a covered crucible ; by which 
it is converted into, a sulphuret of barium. This suJphuret ip 
then easily decomposed, by dilute nitric acid, nitrate of baryta 
is formed, and the sulphur deposited. 

The aqueous solution of baryta is an excellent test of the 
presence of carbonic acid in the atmosphere, of in other gase- 
ous mixtures. The carbonic acjd unites with the baryta, and 
a white insoluble .precipitate, carbonate of baryta, subsides. 

630. Bar3rta is $listinguished from all other substances by the 
following characters. 1. By dissolving in water and forming 
an alkaline solution. 2. By all its soluble salts being precipi- 
tated as white carbonate of baryta by alkaline carbonates, and 
as sulphate^ of baryta, which is insoluble both in acid and alka- 
line solutions, by sulphuric acid orariy soluble sulphate. 3. By 
the characters of chloride of barium, formed by the action of 
hydrochloriQ acid on baryta. 

Most of the compounds, of baryta are highly poisonous, espe- 
cially the more soluble ones. The sulphate being very inso- 
luble, is inert. 

631. Peroxide of- Barium. — This oxide may be formed by passinif a 
current of dry oxygen gas ever baryta, at a low red heat; or by simply 
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heating baryta in an atmosphere df oxygen. It is used only for the pur* 
pose of preparing peroxide of hydrogen (392). 

BARIUM AND Cf^XORINE. 

» BarUim* CkUvihe.. Equiv. SymboL 

Chloride of Barium .i.;. 1 eq. + 1 eq, 104.13... .BaCl 

■ - ' • 

6S2. ChUnide of Bartttfl».-rObloride of barium is. formed when pure ba* 
ryta is heatied in cbloTinej with the liberatien of oxygen gas, -or by dissolving 
carbonate. of baryta in hydrochloric acid diluted' with 3 times its .weight c^- 
water. On concentrating the soltktion^ the chloride cfystalizes^ which con- 
tains 1 eq. of chloride and 18 eq; of water. . . ^ 

Chloride of barium is much used as a test for siilplmcic ttcid, eitiier free 
or in a sta(e of combination. The two substanees unite and fbrm, an inso- 
luble white precipitate. 

BARItTM AND jBULPHUK. 

Barium, Sulphur, JBquiv, . Symhtd. 
Sulphuret of Barium .1 eq. .H- I eq.. . . .84.8 BaS 

623. Sulphuret of J?arttifn.^This compound may be formed by making 
the native sulphate of banrta in fine powder into a paste, with flour, and 
exposing it in i|, close crucible to a white heat for one or two hours. The 
sulphuret is formed by the deoxydaliQn of both the sulphuric acid and the 
base of the salt, the sulphur and the iMiriumf at the same time combining. 
The sulphuret being highly soluble may be separated from the mass by 
boiling water. . . . ' 

- Sulphuret of barium possesses considerable interest, as from it the various 
salts of baryta, and indeed the pare earth itself, |nay readily be. obtained. 
For this last purpose nitrate of baryta is first formed simply by the applica- 
tion of nitric acid. 

Barium combines also with iodine, bromine, fluorine, phosphorus, &c. 



STRONTIUM. 

Symbol Sr; Equivalent 42,S, 

624. Davt "discovered the metallic base of strontia, called 
strontium, by a process analagous to that described fbr pro- 
Curing barium. AU that- is known respecting its properties is, 
that it is a heavy metal, similar in appearance to barium, that 
it decomposes; water with evolution of hydrogen gasj and oxy- 
dizes quickly in the air, being converted in both cases into 
strontia, which is the protoxide of the metal. 

STRONTIUM AND OXYOJCN. 

strontium and oxygen form two compounds, the protoxide 
and the peroxide, which are composed sLs follows : . 
21* ' 
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SirotUium, Oxygen, ^quiv, ^ Stftnhds 

Protoxide. . . .^ > .- 1 eq. 4- I eq'. : . . . 5J.8. . . . SrO 

Peroxi(Je<...... *..... .1 — 1 eq. + 5ieq — .59.8 SrO^ 

6^5. Protoxide of Strontium, — From the. close te'semblance. 
between baryta and-strontia, these substances, were once sup- 
posed tabe identical^ but the existence of strontia was estab- 
lished iii the y^ar 1792. It was originally extracted from stron- 
tianite, native carbonate of strontia, a mineral found at Strontian, 
in Scotland; and hence the origin -of the term strontitei or 
strontia^ by which the earth itself is designated. 

Pure strontia may be prepared frqm nitrate and carbonate 
of strontia, in the same manner as baryta. It resembles this 
earth in appearance, in infusibility, and in possessing distinct 
alkaline properties. It slakes when mixed with water, causing 
intense heat,, and forming a white solid hydrate, Whiclr consists 
of 51.3 parts or one equivalent of strontia, and 9 parts or cme 
. equivalent of water. Hydrate of strontia fuses readily at a red 
heat, btH sustains the strongest heat of a vind furnace without 
decomposition. It is insoluble in aJcohol. BoUing water dis- 
solves it freely ; and a hot saturated solution, on cooiing, depo- 
sites transparent cryst&ls in the form 'of thin quadrangular 
tables, which c09i9ist of one equivalent of strontia and twelve 
equivalents of water. They are converted by heat into the 
protohydrate. ' They require fifty times their weight of water 
at 60° for solution, and twice their weight at 212°. 
. The solution . of strontia has a caustic taste and alkaline 
reaction. Like the solution of baryta it is a delicate test of the 
. presence of carbonic acid in air or other gaseous mixtures, 
forming with it the insoluble carbonate of strontia. 

626. A striking characteristic of the compounds of strontia, 
by which they may generally he distinguished, is the crimson 
« red flame they communicate to alcohol, holding them in solu- 
tion. They also, when heated on a platinum wire before. the 
blowpipe, give to the flame the same red tinge. The experi- 
menter should, however, be careful to distinguish between the 
peculiar tinge ocqasioned by strontia, and that caused bylithia 
or lime. 

The red lights used in. fire^ works, owe theit color to nitrate 
of strontia, with which they, are prepared. 

Peroxide of Stroniittm. — This compound is formed by mixing solution 
of strontia with bindxide of hydrogen. It much resemble9 the correspond- 
ing oxide of barium, but is considered more permacient . 

The chloride, iodide; fluoride, sulphuret, and phosph'uriet of stroptioin 
may easily be formed, but no descriptiGn of them is given in this work. 
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.CALCIUM.. ' ^ 

Symbol Ca ; Equivalent 20.5. . 

637. The existence of calcium; the metallic bas6 of llnae, was 
deajonstrated by Dayy, by a process similar to that diescriljed 
for detaining barium. It is of a whiter color thanjbarlum or 
strontium, and is converted into, lime by being pxydized.. Its 
other properties are unknown. 

CALCIUM ANDg[)XTaEN. ^ 

^ « 

These substances alsb.unite iii two proportions, foroiihg defi 
nite compouilds. '^^ * • . 

' Caleium, Oxygen, '. ^quiv, l^mbols. 

Protoxide '. ..1 eq. -f 1 eq....,28.5.. ..CaO 

Peroxide. ..-..^..i 1 eq..-f 2eq..'..*.86.'5*..,.CaOa 

638* Protoxide of CakiwuiL — This compound, commonly 
known by tbB name of Hme and quicklime, is obtained by 
exposing carbonate of lime to a strong fed heat,>sGr as to expel 
its carbonic acid. If lime of great purity is required, it should 
be prepared from pure carbonate of lime, such as Iceland spar 
or Carrara marble ; but in burning lime in lime-kilns for leaking 
mortar, common limestone is employed. The expulsion of 
carbonic iacid is facilitated by mixing the carbonate with com- 
bustible sub^tanceSf-in which case carbonic oxide is generated. 

639. Lime is a brittle, white, earthy solid, the specific gravity 
of which is about 2.3. It phosphoresces powerfully when heated 
tafull redness, ji property which it -possesses in common with 
strontia and baryta. It is one of the most infusible bodies 
known; fusing with difficulty even by the iieat of the oxyhy- 
drogen blowpipe. • 

Exposed to - the air, it gradually absorbs carbonic acid and 
crumoles to powder: It has also a powerful affinity for water, 
which i& absorbed'. instantly on being poured upon it; and the 
combination is attended with great increase of temperature, 
and formation of a white bulky hydrate, which is composed of 
2S.5 parts or one equivalent of lime, and 9 parts or oiie equiva- 
lent of water. The process of slaking lime consists in forming 
this hydrate, and the hydrate itself is called slaked lime, ft 
differs from the hydrates of strontia and baryta, in parting with 
its water at a red heat. . . ' 

Hydrate of lime Is dissolved very sparingly by water, and it ^ 
is a singular fact, that it- is mote soluble in cold than in hot 
water. Thiis it is found that one grahi of lime requires for 
solution 

. 778 grafais of water... y at 6(P 

972 do. . 130 

1270 do. •. ....•..,•'212 
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And, consequently, on heating a' solution of Ume, or Ume-^ater, 
which has been prepared in the cold, deposition of lime ensues. 

At 32P if is found water will dissolve jcist twice as much lime 
us at the boiling point. ' 

Lime- Water is prepared by mixing hydrate of lime with 
vater, agitating the mi^ure fepeatedly^^a^d then setting it 
aside in a well-stopped bottle ui\til tiie undissolved pants shall 
have subsided. The substance called mHk or cream of lime is 
m^de by mixing, hydrate of liie with a suficient' quantity of 
water to give it the liquid form ; — it is ^nerely lime-\^ater, in 
which hydrate of lime is mechfilmcally suspended. 

Xittie-water has a harsh, acrid taste, and converts Vegetable 
blue colors to green. It agrees,, therefore, with baryta and 
strontia, in possessing distinct alkaline properties. On account 
of4he affinity of lime for carbonic acid, its solution should be 
carefully protected from the air. By solution of carbonic acid 
it is first rendered turbid by the formatidn of carbonate of lime, 
but the transparency i^ restored by adding a larger quantity 
of the acid, because carbonate of lime is soluble in excess of 
carbonic acid. The action of this Acid ^on the solutions of 
baryta and strontia is precisely similar. 

640. Lime is made use of for many important purposes, par- 
ticularly in the preparation Qf mortar for building. This mor- 
tar consists simply of a mixture of quicklime and" siliceous 
matter made into a paste with water, and becomes very hard, 
by drying, in a short time. It has generallybeen- supposed 
that this iiardening, and subsequent insolubility in water^ are 
to be attributed t9 its becoming a carbonate by the absorption 
of carbonic acid from the atmosphere; but it has been sug- 
gested with much plausibility that a partial solution of silica in 
the caustic lime probably takes place, causing the extreme 

' hardness of the mortar, even in the middle of thick walls, where 
the carbonic acid of the atmosphere can hardly be supposed to 
penetrate. 

641. There are, however, several different kinds of mortar, 
or cement, of which linie is the chief ingredient, besides com- 
mon mortar, which has just been described. They are known 
by the hames oi' hydraulic cement, and Roman cement ; and 
though they differ in some respiects from each other; the. essen- 
tial characteristic seems to be the §ame in both, and is probably 
to be attributed to the same cause. Mortar made of common 
limfe, or Ifme nearly pure, can bfe made to set or become solid 

- only in the air, though afterwards it resists perfectly^Jhe action 
of water ; but mortar prepared from these cements, undergoes 
this change in moist places, or even imder water. This, it is 
now well ascertained, is occasioned by chemical combination 
taking place between the. lime ^nd silica, and sometimes alu- 
mina, cf which the cement is composed. When the lime is 
mixed intimately- with ten per ceiit. of silioa, mortar formed 
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from it partakes 'Slightly of the hydraulic character, but it 
should contain from 20 to 30 p^r cent in order to constitute 
hydraulic lime. Akimina alone mixed with lime does not pro- 
duce the same effect^ but combined with silica, it improves the 
cement. The best vaneties of hydraulic; lime are composed o€ 
from 60 to 80 parts of. lime in 100, the remainder bein^ about 
equal parts of silica and'alnnlina:* Other ^bstances, as mag- 
:^esia and oxide of iron, are often present, but seem to protHice 
no beneficial. effects- 
Hydraulic lime, or cement; as it is frequently called^ is usu- 
ally prepared from' limestone, ^hich contains the necessary 
ingredients, in Ihe same manner as quicklime;: but it may he 
formed artificially. The ancient Romans were accustomed to 
form an artificial cement, by mixing a vcdcanic .stone c^Ied 
puzzolana, found at Puteoli, near Mount Vesuvius, with time ; 
and a basaltic rock called tras or terras^ obtained from the 
banks of the Rhine, has, in^ modem times, been used for the 
same purpose. A mixture of 3 parts of chalk and one of 
common clay, weN ground together and made into paste with 
water, and moulded in the form of bricks, affords by calcination 
and grinding aQ excellent cement. 

63§. Roman, cement is a name giyen, some 40 or 45 years 
ago, to a cement prepared from a'kind of stone found in nodules 
in the geological formation on which the city 6f London stands, 
called London clay. Specimens of it presenthig a peciitiar 
appearance, and sometimes susceptible of receiving a high 
polish, are caviled septairia. A similar rock is found in Cumber* 
land, Maryland, and in Springfield, Massachusetts. The Roman- 
cement obtained for a time great celebrity, but it is believed to 
be no better than other- varieties of hydraulic lime, prepared in 
liumerous places jn Qur own country. Hydraulic, -as well .as 
common, or fat lime, is usually mixed with more or less sand 
when made into mortar. 

633. The.mbst delicate test of the presence of lime ist oxalate 
of ammonia or potassa ; for, of all the salts of lime, the oxalate 
is the most insoluble in water. This 9erv;es to distinguish 
lime from most substances, though not from baryta and stron- 
tia; because the oxalates of baryta and strontia^ especiailly 
the^ latter, are likewise sparingly soluble. All thes^ oxalates 
dissolve readily in water acidirtated with nitric or hydrochloric 
acid. . It is distinguished from baryta and strontia by the fact 
that nitrate of lime yidds prismatic crystals by evaporation, is 
deliquescent in a high degree, and • very soluble" In alcohol: 
while the nitrates of baryta and strontia crystalize in regular 
octahedrons of Segments of the octsJiedron, undergo no change 
on exposure to the air, except when it is very moist, and do 
not dissolve in pure alcohol. 
. J . — '. '. — , 

* These proportions are subject to great variations. 
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The salts of lime, when heated before the' blowpipe^ or 
when their solutions in aleohol are set oh fire, conupumcate to 

the flame a dull. brownish-red color. • . - 

• - -' « 

634. Piroxide of Calctum. — This oxide is prepared in- the same way as 

peroxide of barium, and is similar to it in its properties. 

* . . . • 

^ CALCIUM AND, CHLO'aiNS. 

Calcium. Chlfnine, Equiv. SlymboL 

Chloride of Galciam • > » 1 eq. -|- 1 eq 55.92 . . . OaCS 

^ • . ■ • . 

635. Vhloride of Caleium.^^Tbi8 is the only compound of these-two sa)»- 
stances known. It may Ite prepared by. heating lime in chlorine g^as, or by 
dissolving carbonate of lime in hydrochloric fteid and evaporating to dry- 
ness. It is produced in great abundance by the ordinary process of jpre- 
paring aqua ammonia, and the carbonate of ammonia. ^ •> 

Owing to its strong affinity for water, it is much used to deprive gases 
and other substances of their moisture, and als6 for forming frigorific mix- 
tures with snow. \ 

. CALCIUM AND FLUORIITE. -. 

Calcium. Fluorine. Equiv. S^hol. 
' Fluoride of Calcium v . . 1 eq. -^r 1 eqi 39.18. . . < CaF 

■ 

636. Fluoride of Ca2ciufn.-— This is a natural product, which' frequent^ 
ftceompanies metallic ores, especially those of lead and tin, often, occurs in 
cubic crystals, and is well known under the name ofHuor or Derbyshire 
spar. . The crystals found in the lead mines. of Derbyshire are remarkable 
for their large size, the. regularity of their form, and the variety and beauty 
of their colors. 

Fluor spar is found abundantly in some parts of this country. In the 
northern part of New York cubic crystals a foot in each of their dimensions 
have, been obtained, and of a variety 'of colors* 

Fluoride of calcjum fbses at a red heat without'furthei^ change. It is 
insoluble in water, slightly soluble in hot diluted hydrochloric acid, and is 
decomposed by sulphuric acid aided by gentle heat (570).^ It is in a small 
degree deQomposed by hoiling nitric acid. Fused with carboaat^-of potassa, 
carbonate of lime and" fluoride of potassium are generated. 

The native fluoride of calcium is oflea cut ipto Vases, and other orna- 
mental arti61es,and,is used as a flux. in the smelting of metallic ores. It is 
from this last circumstance that it has received the name of fluor spar. 

637.. Phosphuret of Calcium. — It is formed by passing the vapor of 
phosphorus over fragments of quicklime at a low red heat; when a brown 
matter is formed, consisting of phosphfite of liine and phosphuret of cal- 
cium. When put into water, phosphorous ai^id and phosphuretted hydro- 
gen are produced; and the latter being in its spontaneously inflammable 
condition .(515), is* instantly ignited on coming in contact with the atmo- 
sphere. 

638. The bromide, iodide, sulphuret, and seleniuret of calcium, are not 
of sufficient in>portance to require notice in this work. 
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'. . ' Magnesium. 
Symbol Mg; EquivcUent 12,7, 

6d9. The gal vatkic ^researches of Davy demonstrated -flie 
existence of magnesium, though he obtained it in a quantity 
too minute for determiningJts properties. 

It has since been prepared in gjf^eater quantity by the action, 
of potassium. on the chloride of magnesium. For this purpose 
a few small* pieced are put into a bent glass tube or very^3ma]l 
retort, and covered vfitt^ fragments of the chloride of magne- 
sium. The heat of a spirit lamp is then applied; anij the vapk>r 
of potassium eomingjn contact with the heated chloride^ pro- 
duces virid incandescejice by the transfer of the chlorine from 
the^ magnesium to the potassium. The chloride of potassium 
and'undecomposed chlodde of magnesium, are washed out 
with water, and metallic magnesium subsides. 

Magnesium has a brilliant metallic lustre,, and a white color 
like silver, i» very malleable, and fuses at. a red heat Moist 
air oxydizes it superficially ; but it undergoes no change in a 
dry air, and may be boiled in water without oxydation. Heated 
to redness, in air or oxygen gas, it burns w^^h brilliancy, 
yielding magnesia ; and it inflames spontaneously in chlorine 
gaSr It is readily dissolved by' dilute acids with disengage- 
ment of hydrogen, and the solution is found to contain a pure 
salt of magnesia. . , .^. 

MAGNESIUM AND OXYGEN. 

There is known but one oxide of magnesium. 

Magnenum, Oxygen, Equiv,- Symbd. 

Protoxide of magnesitim . . 1 eq.. -f 1 eq. 20.7 . . . . MgO 

640. protoxide of Magnesium, — This compound; so well 
known by the name of magnesia, is best obtained by exposing 
carbonate of magnesia to a very strong red heat, by which its 
carbonic add is expelled. It is a white friable powder of an 
earthy appearance;. and,. w1ien pure, it has neither taste nor 
odor. Its specific, gravity is about 2i3^and it is exceedingly 
infusible. It has a weaker .affinity than lime for water ; for 
though it'fbrms a hydrate when moistened, the combination is 
effected with hardly any . disengagement of caloric, and the, 
product is readily decomposed by a red heat 

The hydrate is found native, usually crystal ized in thin 
laminae. Magnesia dissolves very sparingly in water; Vr re- 
quires 5142 times- its weight of water at 60°, and 36»000 of 
boiling water for solution. The resultinjg liquid does not 
change tlie colo): of violets; but whei\. pure magnesia is put 
upon moistened turmeric, paper, it pauses a brown stain. From 
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this there is no doubt that the inaction of magnesia with respect 
to vegetable colors, when tried in the ordinary modie, is owing 
to its msblubility. It possesses the sf ill more essential character 
of alkalinity, that, namely, bf forming, neutral s€dt$ with acids 
in an eminept degree. _ 

641. Magnesia is, characterized •Tt)y^ the fpIlowiBg properties. 
With nitric- and hydrochloric acids it forms salts which are 
solu^lejri alcohol and exceedingly deliquescent. The sulphate 
of magnesia is very soluble in water, a circumstance by which 
it i^ distingiiished froip the other alkaline earths. If moderately 
diluted, the salts ormagrfesia are not precipitated by oxalate 
of ammonia. By means of this redgf^nt, magnesia. may be both 
distinguished and' separated from lime. ' * . 

Magnesia is quite infusible in , the - strongest* heat, and com- 
mit nicates this property to those ininerals in which it predom- 
inates, as talc and steatite; which are therefore often used 
instead of fire-brjck for lining furnaces. 

Magnesia does not, like the other alkaline bases, absorb car- 
bonic acid from the atmesphere> and but UtHe if any water. 

Oth^r biliary compounds of magnesium are the chloride, 
iodide, Hbromide, fluoride, and sulphi^ret: 



-N 



SECTION- IV. ' 

METALLIC BASES OF T^B EARTHS. 

AhnMlVVM.* 

Sifmbol At; Equivalent 1 3.7. . 



642. That alumina is an oxydized body was proved by Davy, 
i»ho found that pqtassa is generated when the. vapor of potas- 
sium is . brought: into contact with pure alumina heated to 
whiteness; and its metallic base aluminum has since been 
obtained" in a separate state. ^. 

The preparation of this metal depends on the property which 
potassium possesses of decompoiSing the chloride of ^uminum. 
Decomposition is efTected by ^id of a moderate increase of 
temperatuVe ; but the action ijs violent, accompanied with intense 
heat. - ' . ' ' ^ 

Platinum, or, which is better, porcelain crucibles, should 
therefore be always use^ ; and the potassium should be free 
from carbon. « - .- 

When quite cold, the crucible is- put into a large glass full of 
Water, in which- the saline matter is dissolved, and a grey pow- 

_J : ; . , : . . : 1 . 

* This word is uniformly written aluminum instead of aliuniniam^ on (he 
authority of Thomsen, Donovan, Beck , Kane» and -others. 
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der separates, which, oh close inspection,. especiaDy in sun* 
shine,, is found to consist soldy of minute scales of metal. 
These scales, after being well washed with cold water, arepure 
aluminum. - ! * • 

Aluminum, as £hus' forftied, is generally in small scales or 
spangles of a metallic lustre;^ but sometimes small, sfightly 
coherent, «pongy masses Ttre obserred,, whiqh in son^e places 
havethe lustre and white color of tin. « , 

When fused, which requires a very high temperature, it is a 
/jondiictor of .electricity, but.ilotin a state of powdef, as it is 
first formed. ' ' ■ - • 

Heated to redness in the open air, it readily takes ^x-e^ and 
burjis with a yivld light, and in oxygen gasTt hurnsf with still 
greater brilliancy ; so much heat is evolved that the resulting 
alumina is ^rtially vitrified* and equal in hardness to^^he native 
crystalized aluminous earth, corundum,. ' . 

Water; at ordinary temperatures, produces no effect upon it, 
but slight oxydation takes place when it is heated nearly to the 
boiling point. None of the acids act upon it when cold., 

ALUMINUM- AND OXYGEN. 

. Aluminum ^combines with oxygen in sihg:le proportion opiy, 
as'follows: 

AJmmif^m, Oxygen* Equiv, Symbol, 

Sesquioxide of aluminum! . ^.2 eq. + 3 eq. . . . . 51.4 . .,. Al^Os 

643. Seequioaide-^Ahindnum. — This compoundis w^ll known 
binder the name of alumina or aluminous earth. It is one of 
the most-abundant productions of nature. It is found in every 
region of the globe, and in rocks of sdl ages, being b constituent 
of the oldestprimary mountains, .of ihe secondary strata, and 
of the most recent alluvial depositions. The different kinds of 
clay, of which bricks, pipes, and earthenware are made, con- 
sist of hydrate of alumina in a greater or less i^egfee of purity. 
Though- this earth commonly appears in rude amorphous 
masses, it is sometimes found beautifully crystalized. The 
ruby and- the sapphire, tWo of the most -beautiful gems with 
which we are acquainted, are composed almost solely of 
alumina. , " - 

Pure alumina is prepared from alum, sulphate of a,lumina 
and potassa. ' Any quantity of alum is dissolved in four or five 
times its weight of boiling 'wsUer, a slight excess of carbonate 
or'potassa added, and after digesting for a few minutes, the 
bulky hydrate' of alumina is collected on a filter, and well 
washed with hot water. ' • 

The ^lum of commerce {s not pure, being usually contami- 
nated- with peroxide of iron, and consequently unfit for many 
chemical purposes; but it may be separated from this impurity 
by repeated crystalization. Its absence is proved by the alum 
22 
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being soluble without residue in a solution of pure potassa; 
whereas, when peroxide of iron is present, it is either left un- 
dissolved in the first ini^t2Cnc.e,^dr depositeid. after a few hours 
in yellowish-brown flocks. 

Another process wWch has^ been' proposed, for. procuring 
alumina, is ta expose sulphate of. alumina and ammonia to a 
strong heat, tp expel th^ ammonia and sulphuric acid.. 

644. AJumina has neither taste nor smeH, and is quite insolu- 
ble in water.. It is. very infusible, though less-so th^n lime or 
magnesias It has a powerful affihityfor water, attracting 
moisture' from the atmosphere .with avidity ; and for a like 
reason, it adh^eres tenaciously to the tongue, when applied. to it, 
Mixed with a due proportion of water, it yields a soft<;ohesive 
mass, susceptible of being mouldfed into regular forms, A pro- 
perty upon which depends its employment in the art of pottery. 
Wfien once moistened it cannot be rendered anlij^drous, except 
by exposure to a full white heat ; and yt^ proportion as it parts 
with water, its volume diminishes. ': 

Aluttiiiia, owing to its insolubility, does not affect the blue 
color of plants. It ajjpears to. possiessthe properties both of 
an acid and .of an alkali:— ^of an acid, by uniting with alkaline 
bases, such as potassa, linie, and baryta*; and of an sdkali, by 
forming salts with acids. In Neither case, however, are its 
insoluble compounds neutral with respect to test paper. It 
form's with water several different cpn^pourids. ; 

This earths is remarkajble for 'its tendency to unite with 
organic substances. If a cotton cloth is impiersed in a. solution 
of acetate of alumina, the earth will de^site itself completely 
on the fibres * of the cotton and leave the acetic acidfree. On 
this .principle depend so;me of the most important processes in 
calico-printing. 

Alumina is easily recognizeel by the following characters, 
i. It is separated from' acids, as a hydrate, by all the alkaline 
carbonates, and by pure . ammonia. ■ 2. It fs prepipitated by 
pure potassa or soda, but the precipitate is completely redis- 
solved by an excess' bf the alkali. '' ^ 

Alumma is considered a sesquioxide of aluminum, but there 
is some difiBculty in determining the question, as the metal is 
riot known to conibine with any substance in more than one 
proportion. 

Aluminum unites also with dhlorine^ sulphur, phosphorus, 
and selenium; and it is a little remarkable that with all it forms ^^ 
^s^gta compounds ! 
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GLUtJINUM. ' 

' ^ Symbol G; Equivalent 26.5. , < 

64$. Glucina, which was discovered by VaQ<iueIiii in -the year 1798, has 
hitherto been found only in three faire minerals, the 'euclase, beryl, and 
emerald.^ From this earth -metallic clucinum is prepared, by a process 
siiinlar to that for obtaining metallic. alumilium. 

646. Sesquiaxide of Gluci/tum.-^ThiB oxide is commonly pfepared from 
beryl, in which it exisfsv to the extent of ab(out 14 per cent, combined with 
silicic acid and ahimiha* It is ar white powder, and receives its name, 
glucina, (from yAvcv;, stflf^,) from the fact that its salts possess a distinct 
sweetish, tastey It is disting^iii^hed ff om alumina, which it much resembles, 
by being completely soluble in solution of carbonate of -ammonia. - 



YfTRIUM. 

Symbol Y; Equivalent 32.2. 

647.' YtTltiuH is the metallic base of an earth which was discovered by 
Proiessbr Gadolin, st Ytterfayi in SMreden, in the year 1794. The earth 
was therefore called yUvia, The mineral from which it is obtained is 
called gadoHniie, in honor of the discQverer. 

Yttria is considered a protoxide of the metaL 



THORIUM 

. Symbol Th; Equivalents*^ 

» 
648. XBOtiifju is the metallic base ^ an eiLrth called thorina^ or some- 

■timee tharia. It was discovered by Berzelius, in 1838. It is obtained from 

a mineral found in Norway, called thorite. 

The earth thocioa, or thoria, is found ofily in minute quantities, but is 

weU distinguished from other substances.' It is "Considered a protoxide.* 



ZIRCONIUM. 
Syttdx>l Zr; Equivalent 33,7. 

649. This metal was fir9t obtained ^by Berzelius, in 1824, by heating 
with a spicit-lamp, a mixture . of potassiym and .the double fluoride of zirco- 
nium and potassium, carefully dried, in a tube of glasif or iron'. The reduc 
tion takes place, at a temperature below redness, without emission of 
light; and the mass is washed with boiling water, and afterwards digested 
for some tittie in dilute hydrochloric acid. The residue is pure zirconium. 

Zirconiun), thus obtained, is in the fornf of a black powder, which may 
be boiled in water without being oxydized, and is attacked with dif^culty 
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by sulphuric, hydrochloriCy or nitrohydmchloric' ffcid i but it is dissolveu 
readily, and .with disengagement of hydrogen gas, by hydrofluoric acid 
Heated in the open air, it takes Are at a temperature far below luminous 
ness, burns brightly, and is converted into zirconia. Its inetallic nature 
seems somewhat questionable. It maj indeed be^ pressed out inter thin 
shining scales of ar dark ' grey color, and of a lustre which may be palled 
metallic ; but its particles cohero together v6ry feebly, ati.d it has not • been 
procured in a state i^apable of qphducting electricity. Thesi^ points, how^ 
ever, require further investigation before a' decisive opinion on the subject 
can be adopted. . . ' . -^ • 

< 650. Oxide of zireoniumt tit mrconia^ wtis first obtained in the year 
1789, from a mineral. found in Ceylon, called jargon^^r iircon. Hence its 

name* 

, ■ « * - 

Crystals of zirconia are now found in diffeient parts of our own country 
in Buncombe Coupty, N. C, at Easton, Pa.,, and ia Muproe and Haddam 
in the state of Connecticut. 
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MfTTALS WHICH DECOMPOSE W^TER AT A RED HEAT. 

MANGANESE. . ', 

. Symbol Mn , Eqmvalent 27.7. 

651. This metal, owing' doubtless' to its strong affinity for 
oxygen, has never been found in an uncombined state in the 
earth ; but its oxides are very generally diffused though not 
very abundant. The metal may be obtained by forming finely 
powdered oxide of manganese into a paste with oil, laying the 
mass in a Hessian crucible lined with c(|arcoal, luting down a 
cover carefully, and -exposing it jiuring an hour and a half or 
two hours to the strongest heafof a smith's forge. %But the 
experiment is one of considerable difficulty. Its name is a 
modification 'of magnesia, tts native peroxide having formerly 
been called magnesia nigra, 

652. Manganese is a hard, brittle metal, of a greyish white 
color, and granular texture., Its specific gravity is 8.01. It is 
exceedingly infusible, requiring the highest heat of a wind 
furnace for fusion. It soon tarnishes on exposure to the air, 
and absorbs oxygen with rapidity ^hen heated to redness in 
open vessels. It slowly decomposes water at common tem- 

Eerafufes with disengagement of iiydrogen ^as; .but at. a red 
eat decomposition^ is rapid, and protoxide pf manganese is 
generated. Decomposition of water is likewise occasioned 'by 
dilute sulphuric aci4 s^nd sulphate of protoxide. of manganese 
is the product. « 
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» 
MANQANETS^E AND OXYGEK. 

Many distinguished chemists have expended much labor in 
investigating the oxides of manganese, wiilch-they have found 
a subject (S* considerable difficulty. ~ The following distinct 
compoundsr are, however, generally recognized at the present 
time. ' , - ' '. 

Mangane9e. Oxygen. EqUiv- SymboUl 

Protoxide. .. ;}...... . . ; . . .i. eq. + 1 eq 35.7. rMnO 

Sesquioxide ....,.' 2 eq. 4- 3 eq. . . . . 79.4 . .Mn^Os 

Peroxide .;......!*,,.... 1 ^q. -f 2 eq.. ... . 43.7. .MnOg * 

Red oxide, .* ...... .3 eq: -f 4 eq 1 15.1 . .Mn304 

Varvicite.. .:............ .4 eq. + 7 eq.;.^.16i5.8..Mn407 

Manganic acid .*.....,..... 1 eq. + 3 eq. ... . 51.7 . . MhO, 

PermangaJiic acid -2 eq. 4- 7 eq 1 1 1.4 .' .Mn^Or 

In studying. metalliQ oxides,. it is necessary tp. distinguish 
oxides formed by thisdir^t union of oxygen and a metal, 6^om 
those that consist ot two otl^er oxides united with each other, 
and which, therefi^re. In composition, partake of the nature of 
a salt rather than of an oxide. An instance of this kind of 
combination is supplied by the black oxide of iron^; and it is 
probable that two, if not three, of the five compounds enu- 
merated as oxides of manganese, have a similar constitution. 
Thus, the red oxide may be composed of one equivalent of the 
protoxide combined with one equivalent of the sesquioxide. 

653. Protoxide of Manganese, — By this term is .meant that 
oxide of manganese-which is a strong salifiable base, is con- 
tained -in all the prdinary salt's of this metal, and which appears 
to be its lowest degree of oxydation. .This oxide may be 
fpirmed by exposing the peroxide, sesquioxide, or red oxide 
of manganese, to the combinect agency of charcoal and a white 
heat.. 

It may also be prepared by passing a current of hydrogen 
over either of the other oxides, heated to 'redness in a porce- 
lain tube ; or by fusing the chloride of manganese in a platinum 
crucible, with about twice its weight of carbonate of soda, and 
afterwards dissolving the chloride of sodium by water. 

6i54. Protoxide of manganese, when pure/ is of a light green 
.color, very near the moui^tain green. . Some experimenters 
have observed -it attract oxygen very rapidly from the atmo- 
sphere, and pass into the peroxide ; but as prepared by others, 
it has remained quite permanent^ undergoing little change for 
many days. Thisr difference is probably to be attributed to the 
different metheds of preparing it At 600° it is oxydized with 
considerable rapidity, and at a low red heat is converted in an 
instant into red oxide. It sometimes takes fire when thus 
heated, especially when the mass is considerable. 

655. Sesqiiioande- of Manganese. — This oxide occurs nearJv 
22* 
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pure in nature, and as a h^drate4t is- found abundantly, often 
in 3arge prismatic crystals. 'It may be formed artificially by 
exposing peroxide of oianganese for a considerable time to a 
moderate red. heat* arid, therefore, ^isr the chief residjue of one 
process (364) for procuring a supply of oxygen ssls ; but it is 
difficult so to regulate the degree and duration efthe heat,^that 
the resulting oxide shall be quite pure. *' ' , -^ 

The color of the se3quioxide of- manganese varies with the 
source from which it is. derived. That which is procured by 
means of he^tfrom the native peroxide orhydrated sesquioxide 
has a brown tint, but when prepared from nitrate of oxide of 
manganese, it is nearly as black as the peroxide, and the native 
^sesquioxide is of the same' color. From the pnoportion of 
oxygen and manganese in this oxide, it may be regarded .as a 
compound of one equivalent of the protoxide, and 6ne equiva- 
lent of the peroxide. ' * - 

This oxide has the property of staining glass purple or violet, 
for which purpose it is sometimes used. ' By this charalcter a 
very small trace of manganese can be' detected by fusing the 
substance supposed to contain it in the oxydizing flame of the 
blowpipe. ' ' * . 

Peroxide of Manganese,-^l^Yi\s i$ the well-known ore com- 
monly called, from its color, black oxide of manganese. It 
generally occurs massive, of an earthy appearance, and mixed 
with other substances, such as isiliceous and aluminous earths, 
oxide of iron» and carbonate of lime. It is sometimes found, 
on the contrary, in the form of minute prisins grouped together, 
and radiating from a common centre. In these i^ates it is anhy- 
drous ; but the essential ingredietit of one variety of the earthy 
mineral, called wad, is hydrated x)eroxide of manganese, con- 
sisting of one equivalent of water and two of the oxide. 

Peroxide of manganese undergoes no change on exppsure 
to the ain It- is insoluble in water^ and does not unite either 
with acids or alkalies. When boiled with sulphuric ^cid it 
yields oxygen gas, and a sulphate of the protoxide is 'formed 
(364). With hydrochloric • acid, chlorida of manganese is 
generated, an,d chlorine is evolved .(331). The action of 
sulphuric acid in the cold is exceedingly tardy and feeble, a 
. minute quantity -of oxygen gas is sjowly disengaged, and IJie 
acid acquires an amethyst-red |int.- On exposure to a red 
heat, it Is converted, with evolution of oxygen gas, intp th& 
sesquioxide of manganese (364). . ^ * 

Peroxide of manganese is employed in the arts, in the manu- 
facture of glass, and in preparing chlorine for bleaching. In 
the laboratory it is used for procjaring chlorine and oxygen 
gases, and in the prepacration of the salts of manganese. 

The appearance of the sesquioxide of manganese, so nearly 
resembles that of the peroxide, that the former is oflen fraudu- 
lently sold for the latter. The sesquioxide of course yields 
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only half as much oxygen^ and though it may be used in pre- 
psuri^g chlodne, it will not yield any oxygen by the application 
of fieat alone. . - ' , 

656, Red Oxide of Manganesc-^The substance .Called red 
*0xide 6f manganese, oxidum-manganogo^manganicum of Arfwed- 
son, occuf^ as a natural piroduction^ and may be formed arti& 
cially by exposing the peroxide or sesquioxide tb a white heat 
It may also be foilned artificially t)y other means. 

This compound (as w'elJ a3 the protoxide and varvicite,) 
.should perhaps rather be considered as a salt ttian an oxide 
(299). It may be composed. either of 1 eq. of ihe sesquioxide 
and 1 eq. of the protoxide, or 1 eq. of the peroxide united td 2 
eq. of the protoxide. Thu^Mna03+MnO:^Mn304 and 2MnO 
-f MilO,=^n304. . ^ ; , "^ 

657. Tortnctlc.v-.This corkipound'is known only asa natural production, 
having been first noticed a ^w' year? ago aroongr some ores of manganese 
found at Hartshill, in Warwickshire, Engr. The locality^of the mineral 
suggested its name. It -is probably a'coropound of two equivalents of the 
peroxide, and oi^e equivalent of the sesquioxide. Thus SMnO^ + MosOa = 

. Mn407. 

S58, Manganic Aei^ — When equal weights of peroxide of manganese 
jand carbonate or nitraie of po^ssa^rp fntimately mixed and heated to red- 
ness, oxygen is absorbed by tHe mai^anese, and manganic acid is formed^ 
which by its Union with the potassa produces manganate -of potassa. This 
compound, which ->is of a. dQ.rk green color, has long been known by the 
name of mtnemZ chameleon, from the property of its solution to pass rapidly 
through several shades of color. ' On the first addition of cold water, a green 
solution is Ibnhed, which soon i>ecoraoB blue, purple, and' red; and olti- 
- niately a brown flocculent matter, hydrated peroxide of manganese, sob- 
4sides, and the liquid becomes colorless. 

These phenomena are owing to the formation of manganate of potassa 
which is green, and its ready conversion into the red permanganate of po- 
taqpa — the blue«nd purple tints being due to a mixture of these compounds.' 
Manganic StCid itself cannot be obtained in an uncombined state, because it 
is then resolved into the hydrated peroxide and oxygen. 

Manganate of potassa may be obtained In' crystals from solution of 
mineral chameleon,^ but the process requires gr^t care. 

659. Permanganic Acid. — ^This acid is more stable' than the manganic, 
though itself very prOne to decomposition. Contact with papet or liiien as 
in filtering, particles of cork, organic particles floating in the atmosphere 
decompose it rapidly; coloring matters are bleached by it, and in pure 
water its decomposition begins at 86?, and is complete at 212°.< 

The salts of permanganic acid are more permanent than the free acid ; 
80 that most of them may Se boiled in solution,^ especially if concentrated. 
Permanganate of potassa is obtained by heatings green solution of mineral 
chameleon,^ and by other processes... 

The salto formed by this Wcid contain so much oxygen, and yield it so 
^readily^ that they; deflagrate like nitre with burning charcoal,. and detonate 
powerfully with phosphorus. , . ' ' 

For a description of the chlorides, iodide, fluoride, phosphuret, and soj 
phuret of mangunese, see other more extended works on chemistry. 



260 HANV All' OF CHEMISTRY. 

IRON. 

Symbol Pe; Equivalent 28. . 

660. Irqn,- the most abundant' and most useful of all the 
metals, has been known ^ora the relnotest antiquity. The 
ojres of the metal, as well as the inetal kself, and some of its 
manufactures, are mentioned in the wtitings of Moses;* and it 
is well known the ancient Greeks and Romans were acquainted 
with it . . • •" 

661. Iron has l^een found native in Guilford County, North 
Carolina, and in Canaan, Connecticut, and also in Russia, but 
only in small quantities. The occurrence of iron of meteoric 
origin, associated with nickel and often with cobalt, is, .how 
ever, very common^ Masses of this character often of great 
magnitude, called aero/tYe^, have been seen to fall firom the 
high regions of the atmosphere, apparently in a state of vivid 
ignition or combustion. Their course is always much inclined- 
to the horizon, and before striking the surface they often burst 
into fragments, which bury .themselves deep in-.the soil. iVs no 
locality on the earth affords ^uch compounds of iron, nickel, 
and other substances, the only theory which can explain their 
origin is, that they have been violently expelleji from the vol- 
canoes which are known to exist on the surface of the moon, 
and that, passing beyond the limits of .'her attraction, and 
coming within that of thp earth,"they are thus brought to its 
surface.f 

Incombination with oxygen and sulphiifr, and oth^r elementary 
substances, iron is abundant; being containe(l in animals and 
plants,* and being disused so generally in the eArth, that there 
are few mineral substances in which its presehce may not be 
detected. Minerals which contain iron in such form, and in 
such quantity, as "to be employed in the preparation, of the 
metal, are called ores of iron, of which mineralogists have 
described no less thari forty-seven different species. But the 
following are the only ones used to any extent for the extrac- 
tion of the metal : . . 

The red oxides . of iron, included under the name of red 
hematite ; the brown hematite of ipineralpgists, consisting of 
hydrated peroxide of iron ^ the black oxide, or magneitic iron 
ore ; and carbonate of protoxide of iron,^ either pure, or in the 
form of clay iron ore, when it is mixed with siliceous; alumin- 
ous, and otber foreign -substahces. The three former occur 

^' I « ■ - ■ -■— — ■■■-■■- ■ I ■-■■. ^- - i .1 ■ ■ ■- — — — _ 

* Deut. iv, 20 j viii, 9 ; xviii, 5 ; xxvii, 5 ; Numb, xxxv, 16 ; " Levit. i, 17. 

t A maBs of meteoric iron, weighing 1635 pourvds, containing 9 or 10 per 
cent, of nickel, was fouhd, many yewca ago, on a branch of the Red River 
in Louisiana. It is now in th& cabinet of Yale College. 
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most abundantly^ in primary districts, and supply the finest 
kinds of iron, as those of Sweden and India; while clay-iron 
stone^ from which most of the English ircai is extracted, occurs 
in secondary ^eposites, and chiefly' in the coal formation. 

Most, American iron is extracted, -it is believed,- from the 
brown hematite and the protoxide ; but the red hematite and 
carbonate, called also spathic iron and steel ore^ are also ttsed 
to some extent. , • . • 

662. The -extraction of iron from its ores is effected by 
exposing the orie, previously roai^led and reduced to a. coarse 
powder, to the action of charcoal or coke, and lime, at a high 
temperature. The action of carbonaceous matter, in depriving 
the ore of its oxygen, is obvious ; and the lime plays a part 

^eqilially important. It acts as a dux by combining with all the 
impurit^ies of the Ore, and forming a fusible impound caUed a 

. slag. The whole' mass being thus in a fused state, the particles 
of reduced metal descejjjd by reason of tbeir greater density, 

. and collect at the. bottom; while the slag forms a stratum 
above, protecting the inelted metal from the action of the air. 
The latter, aa it collectSr runs out at an aperture in the side of 
the furnace; and the fused iron isj^t off by a hole in the 

-bottom, which was previously filled with sand. The process 
is never successful unless the. flux, together with the impurities 
of the ore, is in such proportion as .to constitute a fusible com- 
pound. Tl^e mode of aceomplishing this object is learned only 
by experience ; and as (Jififerent ores commonly differ in the 
nature or quantity of their impurities, the workman is obliged 
to vary. his flux according .to the composition of the ore with 
which he operates. Thus if the ore is deficient ki siliceojis 
matter, sand must be added ; and if it contain a large quantity 
of lime, proportionally less of. that earth will be required. 
Much is often accomplished by the- admixture of ^different ores 
with each other. The slag consists of a compound of^earthy 
salts, similar to some siliceous minerals, ^in which silicic acid is 
combined with lime, alumina, ^agnesi^, protoxide of manga- 
nese, and^sometimes oxide of iron. The most usual combina- 
tion is bisilicate oT lime and magnesia, sometimes with a little 
protoxide of iron ; a compound which may be obtained in 
crystals, having the precise fqrm and composition of pyroxene. 
Artificial minerals may, in fact, by such pro<Sesses, be procured, 
similar in form and composition to those- which occur in the 
earth. 

663. The iron obtained' by this process is the ca^t-iron of 
commerce, and contains a considerable quantity of carbon. 
Unreduced ore, and earthj substances. It is converted into 
soft or malleable 4ron; by exposure to a strong' heat, while a 
current of aiu plays upon . its surface, or is forced through it 
By this means any undecomposed ore is reduced, earthy impu- 
rities rise to the sujrface, as slag, and carbonaceous matter i&» 
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burned. The exposed iron is alsa more or less oirydi2ed fit its 
surface, and the resulting otide, beipg stirred with the fused 
metal below, facilitates the oxydation of the carbon. As the 
purity of the iron .increases, its- fusibility diiqinishes, until at 
length it begins to work htaty^ as the worktaen term it ; and 
though the' temperature is kept the same, or is even raised, the 
iron becomes- solid. It is then subjected, while still hot, to the 
operation of rolling* or hammering, by -which its particles are 
approxiipated, and its tenacity greatly increased. Jt-is then 
the malleable iron of commercei It \s not, however, absolutely 
pure ; for Berzelius has detected in it about pne-half per cent, 
of carbon, and it likewise contains traces of silicon. ' The car- 
bonaceous matte^ may be removed by mixing iron filings with 
a quarter of its weight of black- oxide of iron, and fusing the 
mixture, confined in a covered Hessian crucible, by me^ns of 
a blast furnace. A littld powdered green glads should be laid 
on the mixture, in order that the iron may. be completely pro- 
tected from the air by a covering of melted glass, and any unre- 
duced oxide dissolved. Bufrthe best and readiest mode of pro- 
curing iron in a state* of perfect purity,. is by transmitting 
hydrogen gas over the pure oxide heated to redness in a 
tube of porcelain. The oxygen of the oiide unities with 
hydrogen, and the metal is len in the form of a porous €^ongy 
mass. • • • ^ 

Owing probably to the extremiBly divided and expanded estate 
of the metallic iron when reduc^ in this qianner, it often 
takes fire spontaneously, and the oxide is instantly reproduced. 
This, however, is observed only when the reduction is effected 
at a temperature below redness, and not when theJ heat is 
raised so as to produce partial fiisipn^'afid- of course greater 
compactness. ' 

^64. Iron hals a peculiar grey color, and strong metallic lus- 
tre, which is susceptible^of being heightened by polishing. In 
ductility and malleability it is inferior to several metals, but 
exceeds them all in tenacity (579). At common temperatures 
it is veiy hard and unvielding, and its hairdness may be 
increased by being heated and then 'suddenly cooled; 'but it is 
at the same time rendered brittle. When heated to redness it 
is remarkably soft and pliable, so. that it may be beaten into 
any form, or be intimately incorporated 'or welded with another 
piece of red-hot iron, by hammering. Its texture is fibrous. 
Its specific gravity may be estimated at 7,7; but it varies 
slightly, according to the degree with which it has been rolled, 
hammered, or drawn, and it is incresrsed by fusion. In its pure 
state it is exceedingly infusible, requiring for fusion the highest 
temperature of a wind-furnace. It is attracted by* the magnet, 
and may itself be reridered permanently magnetic by several 
processes ;^^a property of great interest and importance, and 
which is possessed by no other metal excepting dlckel. And 
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this possesses the property in a degree much inferior to that, of 
iron. 

Iron^ in its ordinary state, has ^a strong affinity for oxygen.- 
In a perfectly dry at(nosphere it undergoes no change ; but 
when moisture i§ likewise present, Us bxydation, or ruBtirig', is 
rapid. At first, protpxide of iron is formed, which isoon a^bsorbs 
carbonic acid' from the atmosphere; but this gradually passes 
into hydratad peroxide,'the carbonic acid being evolved. Rust 
of iron always contains ammonia, which' is also often foiund in 
the native oxides of iron, indicating the decomposition of water 
during their formation. ' • . 

Heafdd to- redness .in ^^e. open air, iron absorbs oxygen 
rapidly, and is converted^ inta bikck scaJes, called the black 
oaride of iron; and -in an atmosphere of oxygen gjks it burns 
with vivid scintillations. It decomposes the vapor of water, by 
uniting with its oxygen, at all temperatures, from a dull red to 
a white heat. 

665. A remarkable propefty of iron, though not peculiar to it aloae, has 
recently been discovered. It is foand that under certain circumstances, it 
becomes. entirely passive, asnt regards the action of nitric acid of sp. gravity 
1.35 upon it, though t>rdinari]y, it would be jlissolved by it with great vio- 
lence. Various means have been discolored byjvhich it may be rendered 
thus passive, as by making it the positive electrode of a galvanic battery, 
the negative electrode haying been previously introduced into the aoid, by 
mere contact of one iroir wire witk Another,- or by heating one «nd of the 
wire'befbre introducing it into ihe acid. Nqr is the effedt limited to bitric 
acid, but extends to various saline solutions that usually act upon iron. Tho 
subject has not jret b^en suffictentiy investig^ated to' lead to a full explana. 
tion of the phenomena. 

IRON AND aX'T'OBN. 

There, are properly but two oxkjes of Jron, the black oxide, 
as it is called, being a definite compound of the other two. 

Iron, Oxygen, ^quiv. Symbols. 

Protoxide ........,'. 1 eq.-f 1 eq. . : . . .36. . . .FeO 

SeSquioxide .^ eq.-|-3 eq.. .- . ^, . . .FcaOg 

B'-k Opcide j g^^^f.'ildeTeq. \ • ll6..FeO.Fe,03 

666. Protoande of Iron,— This oxide is the. base of the native 
carbonate of iron, and of the green vitriol of commerce. Its 
salts* particularly when in solution, absorb .oxygen from the 
atmosphere with i&uch rapidity that they may even be employed 
in eudiometry. This protoxide is always formed with evolu- 
tion of hydrogen gas, when ipetallic iron is put into dilute sul- 
phuric acid ; and its composition may be determined by col- 
lecting and measuring the gets which is disengaged. It has 
not been obtained in a separate state.. 

Protoxide of iron is precipitated from its salts as a white 
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hydrate by pure alkajlas, ad a white carbonate by alkaline car-' 
bonates, and as . a white ferrocyanide by ferrocyanide of po- 
tassium. The two former precipitates become first green and 
then red, and the latter/green. and blue, by exposure to th* 
air. The solution'ofgall-rnats produces no change Of color. " 

667. Sesqtdonnde of Iron. — The red or sesquioxlde of iron, 
somettme^also callecl the peroxide^ i« a nattiral product, known 
to mineralogists undear the 'name^of re^. h&mdtite. . It some- 
times occurs massive, at other times fibrous, and occasionally 
in the formt of beautiflil rhorabbidal crystals. 

This oxide is not attracted by -the liiagriet. Ftised with 
vitreous substances, it communicates Jo them u red or yeJjow 
color. It combines with mdst of the. ^dds, forming salts, the 
greater number of which are red.- Its presence may be.detected 
by very decisive tests. The pure alkaMes, fixed or volatile, 
precipitate it as the hyduate. .The hydrate above mentioned, 
in its pulpy state, as first formed, is found to be an excellent- 
remedy for arsenious acid. With fejrocyanuje of potassium 
it forms Prtissian blue, which cireumstauQe afibrds a very 
delicate test. Infusion of nut-galls forms with it -a black, pre- 
cipitate, which is the basis of black writing irik. 

The polishing powder, well known in the arts under the 
name of rouge or colcothar^ is Sesquioxide of iron prepared from 
green vitriol by expelling its acid by heat. 

668. Black Oande, — This substance^ long regarded as the 
protoxide, is really a compound of the-protoxide and peroxide. 
It occurs native, frequently crystalized in the form of a regular 
octahedron; and it is not only attracted 4)y the magnet, but is 
itself sometimes magnetic, and is then called loadstone. It is 
always formed wheairon is heated to redness in the open air; 
and is likewise generated by th^ contact of watery vapor with 
iron at elevated temperatures. , , . . * 

IRON AND OHLOR-INfi. 

There are two chlorides oriron,the protechloride and. the sesqnichlori'de, 
composed as follows ; 

Iron. Chhrine,' Equiv. Symhola. 

Protochloride. 1 eq. + I eq.. . . . .63.42.. . .FeCl 

Sesquiehloride 2 eq. ■ 4* 3 eq. . . . . I62i26.. . .FcaCls 

669. Protochloride of Iron. — ^This compound is formed by transmitting 
drv hydrochloric acid gas over jiron at a red heat, or bydissolTingf iron in 
dilate hydrochloric acid, evaporating to dryness, and heating to redness 
without exposure to air. 

Protochloride of iron dissolves frefely in water; yielding a pale green 
solution, from which rhomboidal prisms of the same color are obtained by 
evaporation. 

670. Sesquiehloride of Iron. — The sesquiehloride *of iron may be ibnned 
either by tlie oombustion of iron wire, in dry chlorine gsts;or by dissolving 
the sesqniozidc in hydrochloric acid. By evaporation &nd cooling, it may 
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be obUined m red erpitals, which an soliiUe in watefr or alcohol. This 
ohloride forms the basis of the tincture muriatia ferri, nsed in medicine. 

• IRON A.ND SULPHUR. * 

Iron ^nd su]i>hur haye^a strong affinity for each other, and fi>rm by their 
onion the five following compounds : 

^ -iron, Sujlphur. Squw, Symhch* 

Tetrasnlphniet: ^4 eq. -^1 eq.. . . .l^as.'. .^.FeS, 

DisulpfanriBt «2 eq/ -|- 1 eql • 72.1' Fe^S 

ProtoBulphnret. ................ 1 eq. + 1 eq. . . . . 44.1 «... .FeS 

Sesqaisulphuret .'...». .2 eq. '^f- 3 eq.. . . .104.3. . . . JFe^2 

Bisulphuret ..* ........... .1 eq. -f 2 eq, 60.2 FeS, 

• » 

The chi^f object in hutroddcing the above table is to keep before the 
mind the perfect eonfbrinity of fkcts to the laws of definite prpportionsi and, 
to illastrate ■ further the principles, of the chemical notnenclatore. 'The 
student is -requested, ta mark the ' distinction hetween tHraauiphuret and a 
gtcadroattlpAtti'ft of a base. 

It should be remarked that some consider the. existenciQ of the first two 
in the above table as problematioaL 

671. Protdsulphuret of Jron;r-This salphuit&t of iron is formed by heat- 
ing to. rednesss-a mixture of iron filings or tumiings and sulphur, in a 
covered crucible, and raising the temperature after the covdr is removed so 
as to expel the excess of salphor. .. It is completely dissolved by dilute sul- 
phuric acid, with formatiooof sulphate' of the -protoxide of iron, and hydro- 
sulphuric acid. * ^ ■ 

672. BUulfhiiret of irov^-^This is the iron pyrites of mineralogists, and 
exists in abundance in the earth., It occurs in cubes or some allied form, 
has a yellow color, metallic lustre, and'a denbity of 4.98; and is so hard that it. 
strikes fire with steeL Sopie varieties h^ve, a white color ; but these usually 
contain arsenic. Others occur in roanded nodules, have a radiated structure 
divergent from a conynon centre, are oflen found in beds of clay, and are 
much disposed by the' influence of air and mqisture to yield sulphate of 
oxide of iron; th^se are suspected \iy Berzeliiis to be compounds of proto- 
sulphuret and bisulphuret of iron. 

^isulphuret of iron is not attacked by any of the acids except the nitric, 
and its best, solvent istha'nitro-hydrochloric acid. Heated in close vessels 
it give's off nearly half its sulphur, and is converted into magnetic iron 
pyrites. By heat and air together, it yields peroxide of iron. 

This substance is much used instead of sulphur in the manufacture of 
stdpHuric acid (492), and for obtaining the sulphur. 

673. Magnetic IrOn Pyrites, — ^This ii^ a natural product, termed magnetic 
pyrites from being attracted by the magnet, and was formerly regarded as 
protosnlphuret of iron ; but its elements are iti such a ratio, that it may be 
regarded as a compound of bisulphuret and protosnlphuret It is formed 
by heating the bisulphuret to redness in' close vessels, by fusing iron filings 
with half their Weight of sulphur, or by rubbing sulphur upon a rod of iron 
heated to whiteness. ' It is soluble in dilute sulphuric acid, yielding hydro- 
su^uric acid gas and a residue of sulphur. 

It is almost always used in the preparation ef hydrosulphuric acid gu. 

28 
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"IRON AND CARB'Oif^... 

074. Carburets of Irtm. — Carbon and iron unite in vari- 
ous proportions^ but there are three compounds Tery distinct 
from each other — nam'ely, graphite, Cast or pig-iron, and steel. 

Graphite, also known un^er the name ofplumbagOrahd black 
lead, occurs not unfrequently as a mineral production. It may 
be made. artificially, by exposing iron, with excess of charcoal, 
to a violent and long*continued heat; and it is commonly 
generated in small quantity during the preparation of cast-iron. 
Pure specimens contain about four or five per cent, of iron,l>ut 
som^imes itstjuantity amounts to ten per^ cent. Most chemists 
believe tbe iron to be chemically united with the charcoal; but 
according to the researches of Karsten, of Berlin, native gra- 
phite is only a mechanical mixture of charcoal ancl' iron, while 
artificial graphite is a real carburet 

Graphite is exceedingly unchangeable in th^ air, and like 
charcoal is attacked with diflaculty by chemical reagents. It 
may be heated ;jo any extent in close vessels ^without change : 
but if exposed at the same time to the air,- its carbon is 
entirely consumed, and oxide of iron remains. • ' 

Some specimens on being consumed leave^ behind scarcely . 
a trace of iron, confirming the opinion aboveexpVessed (448)i that 
this is not a proper carburet of iroii', but a peculiar fotm t)f 
carbon, usually containing a little iron, asnan accidental impu- 
rity. Jn further confirmation of this view of the subject, it may 
be contended that the proportion of itpn contained in it. is so 
variable that it cannot be considered as combined chemically 
with the carbon. . . ' 

It has an iron-grey cofor, metallic liistre, and granular tex- 
ture ; and it is soft and unctuous to the touch. Its chief use is 
in the manufacture of pencils and crucibles; and in burnishing 
iron to protect it fi^om rust, and as the basis of a preparation 
for lubricating machinery. 

675. Cast iron is the product of the process for' extracting 
iron from its ores, and is commonly regarded as a real com- 
pound of iron and' charcoal. It always contains impurities, 
such as charcoal, undecomposed ore, and earthy matters, which 
are often visible by mere inspection; and sometimes traces of 
chromium, manganese, sulphur, phosphorus, and arsenic are 
present. It fuses readily at 2786°, which is a full red heat, and 
in cooling, it acquires a crystaline granular texture. Th'6 
quality of different speciinens is by no means uniform; and in 
commerce; it is said three varieties are usually distinguished. 
Theseare No. 1, or hladt cast iron, No. 2, or mottled cast iron, 
and white cast iron. This difference appears to be owin^ to 
the mode of combination, rather than to a diflference in the . 
proportion of carbon ; for th^ white variety may be converted 
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into the black by exposure to a strong heat and cooling slowly, 
and the black may be changed into the white by being heated 
and rapidly cooled. 

Of these varieties, No. 1,'or black cast iron, is the softest, 
and is therefore much the most usee}, It is naalleable to some 
extent, and admits of being easily filed or turned*- Its specific 
gravity is lower than.fhat of the other viarieties, and it is said 
to melt at. a- lower temperature. . 

No. 2, or mottled cast iron, is intermediate in its properties 
between the other two^ aAd needs no separate deiscription. 

White cast iron js nearly ad hard aB steel, -and iiaually pos- 
sesses a lamellar str.ucture. It of course cannot be filed, or 
turned, or -bored, and cannot be applied to any very important 
purpose. 

Meansrhave recently been devised for changing cast iron into 
malleable, icon without fusion, as described above (663^; jso-that 
articles may first be cast in the. usual manner, and afterwards, 
without injuring their foroi, be changed into tough or malleable 
iron. - • 

676. Steel is by far the most important of the compounds of 
iron and carbon. This compound was known at a very early 
period, and was called acies -by the Romans. It is said a 
n>anufactory of steel existed in Sweden as early as the year 
1340.. ./ . . . ' \ 

An inferior kind of steel is made directly from thp ore, arid 
is therefore ccdled natural steel. The pre called brown hema- 
tite answers for this purpose, l^^ut that caXLed'spatlue iron, which 
is a carbonate of iron; is generally used. It has therefore been 
called steel ore. Steel made in. this manner is used only for the 
coarsest manufkcture^, as plouglis, &c. 

But the best steel is now prepared from iron by the process 
of eementation, which consists in filling a large furnace with 
alternate strata of bars of the purest malleable iron and pow- 
dered eharcoal, closing every aperture, so as perfectly to exclude 
atmospheric air, and keeping the' whole during several days at 
a red heat By this treatment the iron, gradually combines 
with* from 1.3 to 1.75 per cent, of carbon, its texture is greatly 
changed, and its sur&ce is blistered. ^ This is the blistered steel 
of commerce. This process may be effected even though the 
carbon does net touch the iron, provided a little oxygen is 
present. Carbonic oxide (449) is first formed, which is decom- 
posed by the iron, and half th^ carbon absorbed, the remainder 
being given off in theforni-of carbonic acid, which by its escape 
produces the blistering just noticed. The decomposition takes 
• place, however, mostly at the surface, the carbon being trans- 
ferred .from particle to- particle of the iron, until the whole 
assumes nearly a uniform consistency. 

By breaking bars of blistered steel into small pieces and 
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welding them together, the texture is rendered still more unU 
form, and it receives the name of Qerman or shear ettel. 

In ductility and malleability it is &r inferior to iron; but ex- 
ceeds it greatly jn hardness, sonorousness, &nd elasticit/. Its 
texture is also more compact, and it is. susceptible of a higher 
polish. It siistains a fUU red heat without fusing, and is, there- 
fore, less fusible, than cast iron; but it is much more so than 
malleable iron. 

677. To form cait steel, the blistered steel, &s taken from the 
cementing oven, is broken in pieceiS and melted in pots, and 
cast into small parajleloi^pedons. This requu'es a very great 
heat, and is of course very expensive ; but the metal is thus 
rendered of uniform texture throughout, which improves it very 
much for many purposes. It wiU not bear now tb be heated 
above a bright cherry-fed, and can scarcely be. welded: 

- Instruments made of iron are often covered with animal 
charcoal in a close box, and' Exposed for ah hour to a red heat, 
by which the surfoce is converted Into steel, which is called 
case^ardemnff^- It has recently been discovered that the-ferro- 
c^anide of potassium applied to heated iron, even in the open 
air, produces the same effect, wherever it touches it, almost 
instantly. 

The celebrated Indian i^teel called troote, it has recently been 
determined, is a compound of steel, and a very small quantity 
of silicon and aluminum; to which circumstance it seems to 
owe its peculiarities. Steel has also been alloyied with minute 
quantities of sUver, platinum, rhodium, palladimn, and esinium, 
by which its hardness, and, in some cases, its toughness, are 
improved, and it is not improbable the compounds may yet 
become highly useful in the arts. ■ ' 

678. Steel is hardened by being heated and suddenly cooled. 
When the greatest hardness is required, it is qbtalned by heat- 
ing the steel red-hot, and plunging it into cold water, which 
makes it very brittle. Various substances are used instead of 
water, as oils, the acids, tallow, or even cold air, or in some 
cases, the mere contact of other metals. 

When steel is thus hardened, it will become jsoft .again, if it 
be heated up to the first point and then left to cool slowly <580); 
but any intermediate hardness may be secured by heating the 
article to the degree that corresponds to it, and then allowing 
it to -cool of itself. This is called tempering, and is 'usually 
judged of by the colors that -appear on the surfece of the sted- 
as it is heated ; thus, a straw color corresponding to .430° or 
450°, denotes the proper temper -for penknives, razors, &c.; 
and the first tinge of purple, corresponding to $10°, is adapted 
to other coarser cutting instruments. Sometimes an oil-bath 
or fusible metal is used, and the proper temperatiuce is indi- 
cated by a thermometer, so that the workman isnot under the 
necessity of examining every separate article. 
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moN AND io»iItb. 

rbere are'two conmonndfl of iron and iodine^ the proto and seiqiii 
iodides. - . 

Iron, Jodim. Equiv, ^ SyniSoU. 

Protiodide of iron******' •• 1 eq. 4- 1 eq. . . . . 154.3 . . . .Fel 

Sesquiodide of iron .^. ...2 eq. + 3. eq.> . . .434.9 .... ¥62^3 - 

679. Protiqttide of /ron.r— Protiodide in fpnned by digesting iodine in 
#ater with iron wire or filings. Heat is evolved ; and on evaporating the 
solution ih contact with, the'aiir as little as possible, the iodide is obtained 
as ^.grey crystaline niass. Which' is very deliquescent, and is soluble In 
water.and alcohol. ^ It is used in medicine. 

680. Seo^uiodide ofj^&n is obtained b^ e^iosing a solution of the protiol 
diiie to the air, ay by. digesting iron wire with an excess of iodine, and 
gently evapqiatiing. It is of an orange oolor^ and may be sublimed. 

Otoer btn«ry eenpoiHidaof iroa-ars the bromides, fluorides, phqs|^iir«tab 
&C., none of which possess' any particular interest 



• ZINC'-^OADMIOM. 
. ZINO. - 

. Symijol Zv^.; Equivalent S2.8. 

681. Thib metsCl.was first mentioned under the term zinetum^ 
in the sixteenth century, by Paracelsus ^ but it was probably 
known at a much earlier period. In commerce it is often called 
spelter. It is obtained either from calandtter which is a native 
carbonate of zinc, or from the sulphuret called zinc blende. It 
is procured from the f&rmer by hejating it with carbonaceous 
matters, and from the latter by a ^simil^r process, after the ore 
has been roasted to expel the sulphur and oxydize the metal. 
Its preparsttion affords an instance of what is called distillation 
hy descent. The furnace or crucible for reducing the ore is 
closed abo^, and in its bottom is fixed an iron tube, the upper 
aperture of which is in theinterior of the crucible, and its lower 
terminates just above a vessel of water.. 1?he vapor of zinc^ 
together with- all the/ gaseous products, passes through this 
tube» and the zinc is condensed. The first portions are com- 
monly v6ry impure, containing cadmium and arsenic, the period 
of their disengagement being indicated by wjiat the workmen 
call the brown blaze; but when the blue, blaze begins, that is, 
when the metsdlic vapor burns with a bluish white flame, the 
zinc is collected. As thus obtained, it is never quite pure : it 
firequently contains traces of charcoal, sulphur, cadmium, arse- 
nic, lead, and copper ; ^nd iron is always present. It may be 
freed from these impurities by distillation,— by expotfing it to a 
23* 
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white heat in an earthen retort, to which a receiver full of water 
is -adapted; but the first portions, as liable to contain arsenio- 
axkd cadmium, should be rejected. 

It is owi^g to these foreign bodies,' particularly iron, that 
common zinc dissolves so rapidly in dilute sulphuric acid (205). 

682. Zinc has a strong metallic: lustre, and a bluish- white 
color. Its texture is lamellated, and^s dfeni^ty kbout 7. At 
low or high degrees of heat it is brittle; but ht temperatures 
between '210^ and 300^, it is both malleable and dtictile, a pro- 
perty which enables zinc to be rolled or hammered into sheets 
of considerable thickness. Heated to 400? it again becomes 
exceedingly brittlie, ancj maybe reduced to powder in a njprtaf.. 
Its tnalleability is considerably dimintshed by the impurities 
which the zinc of commerce jcontains. It fuses at 773°f and 
when slowly cooled crystalizes in four, or six sided prisms. 
Exposed in close vessels to a white heat^.it^ sublimes un- 
changed. N • , ; . 

zinc is considerably used in thjet arts, especially in combina- 
tion with copper in the form of brass, of which it ususblly con« 
stitutes about one-fourth pait^ In the laboratory, metallic zinc 
is much used in the construction of galvanic instruments. It 
has also, b^en proposed for constructing pipes for conveying 
water, for culinary vessels, d&c. ;.but it is so readily acted upon 
by other substances^ that it is of doubtful utility for these pur- 
poses. Rdledlnto thin sheets, it answers^ in many cases, as a 
cheap and quite durable substitute for sheeliron or tin plate. 

Recently i€ has beep used for coating sheet iron ^ which 
18 theii called galvanizecLiron (205) — ^to protect it from oi^da- 
tion. When' thus used, a galvanic ciirrent is probabljr estab- 
lished between the metals, and the iron is preserved on the 
jninciple already explained. < 

ZINC JLND 0XY6£.M. - 

There is but one well-delermined oxide of zinc, the prot* 
oxide. 

. Zinc, Oxygen, Equiv. . l^mM. 
Protoxide .v 1 eq; -f I eq. . . .40:3. . . .ZnO 

683. Protc3Didi'i}f Zinc^'^-^nc Undergoes little change by the 
action of oir and moisture. When ffised in open vessels it 
absorbs oxygen, and forms the White oxide; called flowers of 
zinc. Heated to full- redness in a covered crucible*, It bursts 
into flame as soon as the cover is remaved, and burns with a 
brilliant white light. The combustion ensues with such vio- 
lence, that the oxide as it is formed is mechanically carried up 
into the air. The heat at which it begins to burii is -estimated 
at 9410. • ~ 

This olcide is also gejierated during the solution of zinc in 
dilute sulphuric or hydrochloric acid, and the acid naay be 
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readily expelled from it by heat. At eommon temperatures H 
is white, but when heated, to low redness it assumes a yellow 
color, which gradually disappears on cooling. . It is quite fixed 
in the fire. It is insoluble jn water, and, theref9re, does not 
affect the blue color of plants ; but it is a strong salifiable base, 
forming regular salts With acids, most of whicl\ are colorless. 
It combines also.^ith some of the alk;ali€fs. 
, In consequei\ee of the peculiar appearance of this oxide, as 
it is formed by the combustion of the metal, it has been called 
fdhil, album, philosopher'* s wool, hompholia:, Jhw^a of zinc, &c. 

Oxide of zinc has sometimes been substituted tor white lead 
in hpuse-painting, and forms a more durable paint ; but the 
white color is not so xjlear. , - , - 

Oxide of ?inc. is ^easily recognized by being precipitated 
firom its solution as a hy(U'ate, by caustic potassa or .ammonia, 
but is again coo^etely dissolved by an excess of -the pre- 
cipitant . . 

- ZINC AND C^LORIN.E. 

2tne. CJilorine, Equiv» Swnbck . 
Chloride of zmc. ..,....,..'.. . .1 eq. + 1, ^.. 1 . ,67.72. . . . .ZoQ 

684. Chi&ride'QfZiftCf-'Tbia compeimd is formed, with evolutioii of heat 
and light, -v^hen zii\c filinifs are introduced into chlorine gas; and it is 
readily prepared i>y dissolving zinc in hydrot^hloric acid, evaporating to dry. 
ness, and heating the residue fn a tube through ^hich dry gas is transmitted. 
Ijt is colorless, fosible M a heat a little above .212^, has a sof^ consistence at 
common temperatures; hence, called butter of zinc, sublimes at'a red heat, 
ai^d deliquesces in^the air. 

Mixed with hydrochlorate of ammonia in solution, it forms an excellent 
article for tinninsr cof^r, iron, &c. The two sbbstances, in all probability, 
form a douHe salt \ • . - 

Zinc forms definite compounds with iodine, bromine, fluorine, phosphorus, 
sulphur, &C. 



CADMIUM. 

Symbol Cd ;, ^vivalent^ 55J^ 

685. This metal has received its name from, the circumstance 
that is generally, if not always, associated with zinc, some of 
the Qres of which,' particularly calamine, were formerly called 
cadmeia,' Cadmium was discovered by Stromeyer. in the year 
1817; and it- has since been found in the ores of zinc m different 
parts of the world. During the reduction of the zinc it is sub- 
limed and is found mixed witl^ other substances, as soot and 
oxide of zinc in the upper part of the furnace. 

To obtain metallic cadmium, the ore in which it is ickmtained 
is dissotved.in dilute sulphuric or- hydrochloric acid, and, after 
adding a portion of free-acitj, a current of hydrosulphuric acid 
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gas is transmitted through the Hqpoid^Jby which nleans the cad- 
mium is precipitated as sulphuret, while the zinc continues in 
solution. The sulphuret of cadmium is then, decomposed by 
nitric acid, and the solution evaporated to dryness. The dry 
nitrate is dissolved in water, and 'an excess of carbonate of 
ammonia added. The white carbonate of oxide of cadmium 
subsides, which, when heated to redness, yields a pure oxide: 
By mixing this oxide with charcoal, an^ exposing the mixture 
to a red heat, metallic cadmium is sublimed. 

A very elegant process for separating zinc from cadmium 
was proposed by WoJlaston. The solution of th^ 'mixed metals 
is put into a {Platinum capsule;*and a piece of metallic zinc is 
placed in it. If cadmium is present, it is re^duced, and adheres 
so tenacipu&ly to the capsule, that it may be. washed with'water 
without danger of being lost. It may then !>« 'dissolved either 
by nitrio- or dilute hydrochloric acid. "'..-,• 

687. Cadmium, in color and lustrcrhas a. strong resemblance 
to tin, but is somewhat harder and more tenacious. It 4s very 
ductile and malleable. Its! specific gravity is 8.6Q, before being 
hammered, and 8.69 afterwards. It. melts at about the same 
temperature sts tin, and is iicarly as volatile As mercury, con* 
denying like K into .globples 'Which, have a metallic lustre. Its 
vapor has no odor. ^ 

Cadmium mi^ht be employed in the arts for nj/Einy useful 
purposes, but hitherto it has been found only in vefy small 
quantities. Heated in the- open air it absorbs oxygen, and is 
converted into a protoxide. It is readily dissolved by nitric 
acid» and is also acted apon'l)y the sulphuric and hydrochloric. 

Cadmium forms difierent compounds also with chlorine^ 
iodine, sulphur, phosphorus, emd probably other substances. 



TIN. 

Symbol Sn ; EquivaJerU 57.9, ^ 

688. Tin has been known from the most remote antiquity, 
and was in common use in the .time ofMoses.* It js supposed 
the ancients obtained it chiefly from Cornwall, England, the 
mines of which now yield a large part, it is said, of the tin of 
commerce. -It is found also in India, Germany, Chili, and 
Mexico; but it is a little singular that it has not yet been dis^ 
covered in the United States, except, perhaps, a few small 
crystals of the oxide in Chesterfield, Massachusetts, and a small 
vein of the ore in the White Mountains, in New Hampshire. 
The chief ores are the oxide and sulphuret. 

h • I ■■ ■» . » . "* ■ ■ ■ I . I I ■ II I , I ■ . II , I ^ » . . . , » 

• - - - . . . . • . . ,. , 

* Numbers xzzi, 23. 
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-The tin of cominerce is distlfigu|jshed into tyiro varieties, 
called block and grain ^n,both of which are procured -from- the 
native oxide by bieans of heat and. charcoal. In CornwaU, 
which has been celebrated for its tin mines during many centu- 
ries, the ore is both extracted from veins, and found in the form 
of rounded grains among beds of rolled materials, which have 
l)een deposited by the action of water., Tliese grains, com- 
monly called 'stream ^iti, -contain a very pure oxide, and yield 
the- purest kind of grain tin.. An inferior sort is prepared by 
heating bars of tin, extracted from the common ore, 4o very 
near their point pi* fusion, when the more fusible parts, which, 
are the purest, flow out; and the less fusible portions consti- 
tute block tin. The usual impurities' are iron, copper, and 
arsenic. 

689. Tin has a white color, and a lustre resembling that of 
silver. The brilliancy of its surface is but very slowly im- 
paired by exposure to the atmosphere, nof is it oxydized even 
by the combined agency of air and moisture. Its malleability 
is very considerable ; fbr the thickness of common tin-foil does 
not exceed Ymotsn inch. In ductility and tenacity it is infe- 
rior to several metals. It is soft and inelastic, and when bent 
backwards and forwards, emits a peculiar crackling noise. Its 
specific gravity is kbout 7.3.. At 442° it fuses, and if exiposed 
at the dame time to the air; its surface tarnishes; and a grey 
powder is formed. When- heated 'to whiteness; it takes fire 
and bums: with a white flame, b^ing converted into pjeroxide 
of tin. , . 

The uses of metallic tin are so numerous and so well known, 
that it is not necessary to enumerate them.. It is probably 
most ^miliar to us, as j,t is used to coat sheet iron and copper, 
to protect them from the action of the atmosphere and moist- 
ure, forming what is usuaUy called tin plate; and combined 
with antimony and topper to form Brittania metal. 

TIN AND OXTOEN. 

There kre three oxides o}* tin, the protoxide, sesquioxide, and 
bin or peroxide. - 

' • Tin, Oxygen, Equiv, Symhols,. 

Protoxide , . . •: 1 eq. + 1 eq. . . • .65.9. . , .SnO 

Sesquioxide I ^ 2 eq. + 3 eq. . . » 129.8.\ . . SusOa 

jPeroxide .leq. + 2 eq 73.^. . . .SnO^ 

690. Protoande o/ Tin.— When chloride of tin in solution 
(692) IS mixed with an alkaline carbonate, hydrated oxide of 
tin ^s, which may be obtained as suoh in a dry form by 
wasbins with warin water, and drying at a heat not above 
190°, wTth the least possible exposure to the air. The best 
mode of obtaining the anhydrout oxide is by heating the hy- 
drate to redness •& a tube from which air is excluded by a cur- 



274 MANUALOF CHEMISTRY. 

rent of carbpnic acid gas. The same oxide is formed when tia 
is kepi f(Jr some tipie fiisjed ki stn open vessel. ■ ■ 

Protoxide of tin has a specific gravity of.p.67. At commOQ' 
temperatures it is permanent in the air, but if touched by a 
red-hot body, it takes fire and is converted'into the' peroxide. 
Ite salts are^remarkab^ prone to absorb oxygen, both from 
the air and ftom compounds" which yield oxygen readily. 
Thus it converts peroxide of iron into protoxicfe,. and throws 
down mercury, silver, iand {^tinum fri the metalfiii state -|rom 
their salts. With, a solution of gold it causes 'a purple preci- 
pitate, the purple ofCaasiua, which appears .to be a compound 
of the peroxide of, tin and protoxide of gold. By this character 
protoxide of tia is recognized with certaiiity. , . ' 

Seaquioxide of Tin, — This oxide \s soluble in hydrochloric 
acid; and strikes with gold the purple of CassiuSyMke the prot- 
oxide, but is readily distinguished froni it 'by being soluble in 

, ammonia;! . ' 

• '^ • , 

691. fierojinde cf Tin^Stannic jldtd.-— This cpijapound is most 
conveniently prepared py the action of nitric acid oh metalhc 
.tin. Nitric acid, in its most concentrated state, does not act 
easily upon tini but when a small quantity of^.watei' is added, 
violent effervesoence takes place, owing to. the ^vQlution of 
nitrous acid and binoxide of nitrogen, sind a white powder, the 
hyd rated peroxi4e. Is produced. On edalcbratitig thld sub- 
stance, and heating it to redness, watery vapor is expelled, and 
the pore peroxide, of ajstraw-yellbw color, remains. 

Binoxide of tinhas,veiT little disposition in any state to unite 
with, acids, and, when dissolved hy them, is very apt to' sepa- 
rate itself spontaneously as a gelatinous hydrate. It acts the 
part of a feeble acid : it reddens litmus when its hydrate. moist- 
ened is laid upon it, and it unites with the pure alkalies, form- 
ing soluble compounds which are called 'stannaiesi. 

The same compound apparently is obtained by decomposing 
perchloride of tin (693). by an alkali; but, as prepared by this 
process, it is soluble in dilute nitric .and sulphuric acids, and in 
hydrochloric acid. These two varieties of this oxide may be 
transformed into each other, and are probacy isomeric (342) 
compounds. 

Melted with glass, tbia' oxide. forms a': white enamel, and 
combined with a little oxide of lead, it is used as a polishing 
powder called putty of tin. To form it, an alloy of tin and lead 
is calcined in a reverbcratory furnace. 

TIIT AND CHLORINE. " . 

I'here are two>chl,ofides of tin, the composition of which n as fbllowa^: 

Tin, Chlorine, Eqtiirt, Symbola, 

Protochioride ^t . .1 eq. -f- 1 ©q 93.32. . . .SnCl 

Bichloride leq.-f^'eq 128.74 SnCla^ 
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692. PratochloridB of ; Jin, — This compoond is obtained by transmitting 
hydrochloric acid gas over metallic tin heated 'in a gloss tube, when hydro- 
gen gas is ev«iVed,4ind the protochlojide is obtained' in th& form of ft- grey 

solid. ' \ • 

A solution of ^rotochloride^ii'tin is obtained by heatibg granu}ated tin in 
strong hydrochloric acid as long as hydrogen gas continues to be evolved. 
This solutiop is much employea:.as a deoxydizing- agent, being mote pow« 
erful than the sulphate or nitrate of the^protoxide; owing apparently to the 
tendency of the proCochlorlde of tin to resolve itself into biehldride and me* 
tallic tin, the latter taking oxygen or ichbrine from any metallic solutions 
which yield them rfeadily. . ' 

The partially cfystalized protochloride is sold under the name of salt of 
tin, and is much used as a mordant in dyeing. • ' 

693. Bichloride of IHn. — When protochloride of (in is heated in chlorine 
gas, or on distilling^ a mixture of 8 parts of granulated tin with 24 of bi* 
chloride of mercury, a very volatile, colorless liquid passes over, which is 
bichloride of t^. liian open vessel it emits dense white fumes, caused by 
Ae moisture of the' air, and hence it was called the fuming liquor o£ Liba- 
vins, who dispover^d it At 248^ it boils, and the specific gravity of its 
vapor is found to be 9.12. W^th one-third of its weight of water it forms a 
solid hydrate, and in a larger quantity of water dissolves. 

The solution of bichlorids of tin, comtnoiily called purmuriate sf tin^ is 
much used in dyeing,^ and is prepared by dissolving tinm pitro-hydrochloiic 
acid. ' The pro(:e8s requires care ; for if the action be- very- rapid,' as is sore 
to happen if sfr<Ag ucid b^ employed and much tin added at once, the per- 
oxide will be spontaneously' deposi^d - as a bul^y hydrate^ and be subset 
quently i^edissolved with' great 'diffic^^lty. But the operation will rarely fail 
if the acid is jnade'wi^h twd measures of hydrochloricfaicid, one of nitric 
acid, and one of wat^r, and if the tin is gradually dissolvedjone portion dis- 
appearing before another is added: The. most certain mode of preparation, 
however, is to prepare a solution of the protochloride^ and convert it into 
the bichloride, either by chlocine, or by gentle heaf and nitric acid. 

There are Jwo sulphurets of tin, the protosulphuret and the bisulphuret 
The bisulphuret possesses a beautiful yellow color and metallic lustre, and 
has therefore been called aurum mtistvum or mosaic gold. It is nsed in 
painting ip imitation p^ bronzej and also for sprtoding upon the rubbers of 
electrical machines, instead of amalgam of zinc or tin. 

Tin forms compounds also ^^ith iodine,^ brominei phosphoros, and sele- 
nium - '■ 



COBALT. 

Symbol Co;' BqmvalerU 29.5, 

604. Tma metal is met with in the earth ohiedy in combina- 
tion with arsenic, constituting an ore from which all the cobalt 
of commerce is dferived. It is a constant ingredient of meteoric 
iron, though in ' very small quantity. Its name is derived 
from the term Kobold, an evil spirit^ applied to it by the Ger- 
man miners at a "time when tfiey were ignorant of its value, 
and ^considered it . unfitvofable to the presence of valuable 
metals. . . 
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Whennativearseniuret of cobalt is broken into; small .pieces, 
and exposed in a reverberatory furnace to the united action of 
heat and air, its elements are oxydized, most of the arsenious 
acid ii^ expelled in the f€a;m of vapor, and an impure oxide of 
cobalt, called.zo^re, remains. 

From this substance metallic cobalt may be obtained by 
heating it with charcoal, or passing over it when heated to red- 
ness in a porcelain tube, a current of hydrogen gas'. 

-695. Cobalt is ja brittle metal, of a f eddish grey color, and 
weak metallic lustre. Its density Is belie-^d to be about 8.5. 
It fuses at a heat rather lower than iron,', and .when slowly 
cooled it crystalizes. As usually preparied, it is atttracted by 
the magnet, and is susceptible of being rendered permanently 
magnetic ; but it is believed this property does not belong Jto it 
when perfectly pure. It undergoes little xAange in the air, but 
absorbs oxygen when. heated in. open vessels* h is attacked 
with difficulty by sulphuric or- hydrochloric acid,, but is readily 
oxydized by means of nitric acid, . ■ • . 

COBALT AND OXYGfiir. 

The two oxides pf cobalt are composed as follows : 

' Cobalt. Oxygen*' Equiv, ^Symbols*. 
PrQtoKide.,... ...".;. ...1 eq. + 1 eq.... . ..'37*5.*..^CoO 

Sesquioxidfe. .......... .2 .eq. .-{- 3 «1. ••• • ••63 ^ . . . .CoaOg 

696L Protoxide of Cobalt. — This oxide is of an ash-grey color,^ 
dnd is the basis of the salts of cobalt, most of which are ofv-a 
pink hue. When heated to rednessin open vessels, it absorbs 
oxygen, and is converted into the sesquipxide. It niay be pre- 
paried by decomposing carbonate of the protoxide by heat in a 
vessel from which atmospheric air is excluded. It is easily 
recognized by giving a blue tint to borax when melted with 
it; and is employed in the arts, in the form of -amaU^ for 
communicating a similar color to glass, earthenware, and 
poreelain. 

The smalt of. commerce *is prepared by fusing a mixture of 
zaffre, potassa,*and sand, and reducing the mass- to a mode- 
rately fine powder. ' . 

697. Seaquioxide of Cobalt. — lliis oxide mayri^e readily formed, as before 
described, by heating the protoxide -in the open air. It does not unite with 
my of t)ie acids, and when, strongly heated gives up a portion of its oxygen, 
und is reduced to a protoxide. 

Another oxide analogous to the ped oxide of manganese, containing 3 eq. 
of oobttlt, an4 ^ eq. of os^geh, his been described. 

CO-BALT AND CHLORINE. 

Cobalt. Chlorine. Eqttw. ' SymbeL 
Oliloride of cobalt 1 eq. -4- 1 eq 6493 Ccd 
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698. Chloride ofOAaU, — ^It ie obtained in sblntion on dissdivingr metaJBe 
cobalt, its protoxide* or either of the other oxides in hydf^ocHloric acid. It 
yields, a pink-colored solution, and by- evaporation, smiul crystals of tiie 
same color containing water of crysfiuizatton. When depriyed of water its 
color is hliie, a character on which is fiwinded its use as a sympathetic vink ; 
when letteYs are written with, a dilute solution of the ehloride, the color is 
so pale thdt it. is invisible in the cold; but on heating gently, the letters 
appear of a blue color, and disappear'as soon as the chloride bas recovered 
'its moisture from the atmosphere. 

Different opinions hsv<e b^n entertained concerning the cause of theso 
changM of color, which are sojieadily occasioned by slight'changes of tem- 
perature ; but the following explanation is .probably eorreet • The solution 
IS to be considered as. hydrochlorate of obbalt^' thecolpr of which is pink, 
especially wh^n considerably dilated, but is so faint that writing done with 
it is quite invisible. By exposing this toji gentle heat, oxygen und hydro- 
gen (in the form of water) are expelled, and the blue chloride of cobalt is 
formed upqn the surface of the paper, which, however, as the paper cools, ta 
again, bj^ Ihe absorption of moisture, converted into the invisible hydrochlo- 
rate, as before. . < 

This solution is called</reZ2ot> Bprnpathetic ^Ink, If a little sulphate of 
iron is added,* the color of. the wnting when warm appears of a greenish 
hu^-but in time becomes permanently yellow. - 

There are several sulphurets of cobalt^ hatlitde is known of the com- 
pounds it forms with other bodies. 



NIC.KEL. - 

Symbol Ni; Equivalent 29.5.. . 

69^. Nickel is a constituent of meteoric iron (661) ; but its 
principal ore is the copper-colored mineral of Westphalia* termed 
kupfer-mckd, copper nickel ; nickel being an epitjfiet of detrac- 
tion,, applied by the dlder German miners, because the mineral 
looked like an oret)f copper, and yet they could extract none- 
from it. The preparations of nicke] may either be. made from 
copper nickel, which is an arseniuret of nickel containing small 
quantities of sulphur, copper, coba]t,.and.iron, or from the arti- 
ficial arseniuret caned^pa9«,.ameta]lurgic production obtained 
in forming smalt from tne roasted ores of cobalt 

Some ten- or. twelve differenf processes bave been devised 
for obtaining pure metallic nickel, but all of them are quite 
complicated. ' " 

700i Nickel had a strong metallic lustre, and is both ductile 
and malleable. When pure its color is white,- intermediate 
between that of tin and silver, but th^ nickel of commerce, is 
usually of a reddish color. 

\i is attracted Jby the magnet, and like iron may b? rendered' 
magnetic. Its specific gravity after fusion is about 8.28, but is 
increased to near 9i0 by hammering. 

Niclcel is very infusible, but le^s so than pure iron. It suffens 
24 
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no change at tjommon -temperatures by exposure to air ana 
moisture ; but It absorbs oxygen at a red heat, though not 
rapidly, and is partially oxydized. - It. decomposes water at 
the saTne temperature. Hydrochloric and sulphuric acids act 
upon it with difficufty ; but by nitric acid it is readily oxydized, 
and forms a nitrate of the protoxide .ornickeL .' 

Nickel is scarcely used. in the arts except iji- combination 
With other inetals, as we shall hereaHer see. . . V . 

Oxygen, chlorine, sulphOr, &c., form various compounds 
with nickel, which will be found cbscribed in other works. 



SECTIOlt^ VI. . . , . 

' '•■*■. . . 

METALS WHICH DO NOT DECOMPOSE WATER AT ANT TEMPERATUj^, 
AND THE OXIDES OF WHICH ARE NOT REDUCED TO THE , 

METALLIC STATE BY THE MERE ACTIOIf OF HEAT. 

• * I ■ ■ • ' . 

V... -V— ,^ 

• ARSENIC. -^ . 

Symbol Ab ; Equivalent d7J* ^ ' 

* 701. Metallic arsenic sometimes occurs native, but more 
.frequently it is found in corhbination with other metals, and 
especially with cobalt and irqn. On roasting these arsenical 
ores in a reverberatory furnace, the arsenic, from. its volatility, 
is expelled, combines with oxygen as it rises, and condenses 
into thick cakes on the roof of the chimney. The sublimed 
mass, after being purified by a second sublimation, is the viru- 
lent poison known by 4he name oi arsenic, or vfhite toxide of 
arsenic. From this substance the metcJ itself is procured by 
heating it with charcoal. The most convenient process is to 
mix the white oxide with about twice its weight of black flux 
(583), and expose the mixture to a red heat in a Hessian cruci- 
ble, over which is luted ari empty crucible for receiving the 
metal. The reduction is easily effected, and metallic arsenic 
collects in the upper crucible, which should be kept cool for the 
purpose of condensing the vapor: Most of the arsenic of com- 
merce is obtained in the process of reducing the ores of cobalt 
(694) and nickel above described. 

702. Arsenic is an exceedingly brittle metal : its structure is 
crystaline, and when slowly sublimed it is $aid to crystalize in 
rhombohedrons. Its specific gravity is 5.88. When heated to 
366?, it sublimes without previously liquefying ; for its point of 
fusion is far above that of its sublimation, and has not hitherto 
been determined. Its vapor has a strong oclor of garlic, a pro- 
perty which affords a distinguishing character for metallic 
arsenic, a? it is not possessed by any other metal, with- the 
exception perhaps of zinc, which is isaid to emit a similar odor 
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-when ttirown in powder oh burirfng ciiarcoal. In do6e vessels 
it may be sublimed without change; but if atmospheric air be 
admitted, it is rapidly converted into the white oxide. 

In general, -the metal speedily. tarnishes on exposure to. the 
air and moisture, acquiring. on its surface a i^ark film, and fre- 
quently it is oxydized quite- through the mass. The product 
of this spontaneous oxydatioh^ which is often sold in colmmerce 
under the,jiame of ^y-yot^rfer, Dr the exceedingly improper 
name of cobalt^ is supposed by some to be a distinct 9xide, but 
by others, i^is regarded as a mixture of the metal with' the: white 
oxide* to be -hereafter described. OccasionaHy) the: metal- is 
quite permahent iti the open air» ^ 

^ARSENIC AND OXYGEN. 

TheYef are -but two well determined compounds of arseidc 
-and. oxygefn, both of which possesa-acid properties. - ' - . 

Arsenic. -Oxygen. Equiv. Symbols. 

Arsenious acid^ ... i ........ .2 eq. + 3 eq 99,4 .... AsaOa 

Arsenic aci4. .7:..* . . . . i . . ..2 eq. ,-i-.5 eq.. . .115.4. . . ..Ajfj^Oj 

703. Arsetdom iiodt-r-This compound, frequently caHXe^iBhite 
arsenic, and to kite, oande oj arsenic, is fed ways generated when 
. arsenic is: heated ia open vessels, and may be prepared, by 
digesting" the metal }n 'dilute nitric acid. The white arsenic of 
commerce is derived- fi^m- -the native, arseqiurets of cobalt, 
being sublimed during the roasting of these [ores for the prepa- 
r£^tioh pr zaffre, and it is jpuriftied.by a\second sublimation in 
iron vessels. '^ . 

It is usually sold in a state of fine white powder ; but when 
first^ublimed, it is in the form of brittle masses, more or less 
transparent, colorless, of a vitreous lustre, and conchoidal frac- 
ture. This glass, which may also be obtained by fusion, gradu- 
ally becomes opaque without undergoing any apparent change 
of conistitution, either with respect to water or any, other sub- 
stance; but the change is certainly -promoted by exposure to 
the atmosphere.- Jt^ sp. grayity is 3.7. At 380^ it is volatilised, 
yielding Vapors which do not possess the. o.dor of garlicr-and 
which condensQ ui^cjianged on cold surfaces. 

The tfisteof arsenious acid is< stated difler^tly by different 
personsr It is generally supposed to be acrid, but this is pro- 
bably pwin^- to the lo^al inflammation by which such an 
experiment's apt to be followed. 

It reddens vegietable blue colors feebly, an eftect which is 
best shown by placing the acid in powder on -moistened litmus 
.paper. It combines with salifiable bases, forming salts which 
are -termed ar*cnife». 

The opaque variety is more soluble than the transparent; 
1000 parts of water, at the Ordinary temperature of the air, in 
one instance, taking up In 36 iiours 12.5 parts of the former 
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and only 9.6 ofthfe lattet. The same quantity of boiling water 
has been found to dissolve 115 parts of the opaque variety, and 
retain 29 cm ^cooling, while of the transparent only 97 parts 
were dissolved, and 18 retained when cold. 

This substance is dimorphous (i362), which probably suffi- 
ciently accounts for there being two varieties of it. Usually it 
crystalizes in six-sided scales derived from a rhombic prism *, 
biit by^owjsublimation ft may be obtained in octohedral crys- 
tals which are perfectly transparent. Dissolved in hydrochlo- 
ric acid, it also crystalizes from the solution ia^octobedrons. 

704. This compound of arsenic is one of the most' virulent 
poisons known, and acts not ohly when taken into the stomach, 
but also when applied externaUy to a. wound, or inspired as a 
Vapor. More or less local inflammation always takes place in 
the parts imniiediately acted upon, but it is* generally believed 
by physicians that the deleterious effects result chieny from its 
consftitutional operation. - ^ 

705. The symptoms vary with the quantity taken and- the 
constitution of the. sufferer. The earliest and most common 
are, a peculiar nauseous metallic taste in the ipouth, with sick- 
ness at the stomach, and;'vomiting ; but to this there are some 
exceptions. ' In cases rapidly fatal, extreme .&intness, cold 
sweats, and slight convulsions, are observed ^t once; and in- 
stances have been known in which death has taken place with- 
out any pain or other prominent symptoms. -If life is prolonged 
many hours, burning heat and extreme pain are felt in tlie 
stomach and intestines, attended by insatiable thirst; the pulse 
becomes very sinall, and the countenance puts on an anxious 
appearance, the skin af^ears livid, and is soinetimes raffected 
with eruptions. The recovery of those who survive is usually 
very slow. ^ ' ' ' 

706. It is not to be expected that remedial agents can be 
used fo much advantage, in cases of poisoning with a substance 
80 rapid and violent in its action upon the System -as this; but 
it has recently been discovered that the hydrate of the sesqui- 
oxide of iron, operates as a powerfiiil antidbte,^ if promptly 
administered. Its remedial effect is foiinded on a very remarka- 
ble reaction. When hydrated peroxide of ir<?n in a thin paste 
is mfxed with solution of arsenious acid, the arsenious is con- 
verted into arsenic acid, and the peroxide of iron into the prot- 
oxide, wWch unite to form an inert ariieniate of the protoxide of 
iron. Thus, 2FeA and As,0,==4 FeOi-j-Asa A» This hydrate 
of iron may be formed by dissolving iron in nitro-hydrochloric 
acid, and precipitating with a slight excess of ammonia. The 
h^dpate should be well washed ^nd preserved in close vials, 
in its moiat, pulpy state, which is essential to its proper action. 
The dose snonid not be less than ten or twelve times the 
weight of the poison that has been taken; 

. The frequent exhibition of arsenious acid as a poison renders 



the detection of thlsccfamfeund an object of ^eat importance 
to medical practitioners as well as^ to tile chemist ; and indeed 

^ it is a subject in whioh every, individual has afearful Interest. 

In this, as in all aiihiJar inquiries, thcv object to* be held in 

view is the discovery of a few decisive characters, by means 

of which ^ the poison may be distinguished - from all other 

bodies-, dnd when present but in small quantityreither in pure 

. water, or fn any"fluidsvlikery to-be met with in. the. stomach, 
may v^ih certainty be detected. 
Some ten or twelve different tests, have been proposed, some 

. of which, however, it' is admitted, are very uncertain in their 
indications, and they will therefore be entirely omitted. The 
following are several of thfe most important ^ and it is^ believed 
they are entirely sufficient, at least when . taken in connection 
with each other. • A. single test should never be relied on; but 
several separate and independent trilals should always bclnade. 
707. 4. Ammoniacal nitrate of silver forms with arsenious 
acid.- a yellow precipitate, by which it can in many cases be 
readily detected. This p[reparation is made by dropping am- 
monia into a strong solution of nitrate of silver, until, the pre- 
cipitate at first formed is nearly all dissolved. ^ The presence 
'Of an alkali, as ammonia, is essential, as without it the nitrate 
of silver will nqt be decomposed to form the arsenite of silver ; 
and by the method proposed precisely the proper quantity of 
amaionia willbe used. 

- This test, would, b*^ sufficient if -the suspected, liquid were 
always a pure solution t)f a J^senious acid; but the refeult is lia- 
ble to be affected by a variety of other substances which may 

- be present; as phosphoric acid, conimon salt, 4fcc., and cannot, 
therefore, be fully relied oh.^ 

The precipitate thrown down by- this reagent is soluble both 
in acids and in ammonia. 

2. Anraioniaical sulphate of copper,, which is made by adding 
ammonia to a solution of sulphate of oxide of copper until 
the precipitate 'at first thrown down is nearly all redissolved, 
occasions with arsenious »cid a green precipitate, which has 
been long used as a pigment under the name of Scheele's green. 
This te^t, though wiell adapted for detecting arsenious atid dis- 
solved in pure water, is very fallacious when -applied to mixed 
fluids. Christison has proved that ammoniacal sulphate of 
copper produces in some animal andvegeta'ble infusions, con- 
taining no arfenic, a greenish precipitate, which may be mista- 
ken for Scheele's green; whereas, in other mixed fluids, such 
as tea and porter, to whith arsenic has been previously added, 
it occasions none at all, if the arsenious acid is in small (fuan- 
tity. • In sonie of these liquids, a free vegetable acid is doubt- 
less the solvent, but arsenite of oxide of copper is also dissolved 
by tannin, and perhaps ^by other vegetable; as well . 4s' some 

• animal prinpiples. ^ i 

24* • ^ 
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3. A current of hydrosulphuric acid gas paMied through a 
solution containing arsenious acid, immediately produces a 
yellow color, by the formation of orpiment, the sesquisulphuret 
of arsenic. The precipitate is at first partially suspended in 
the liquid ; but. as soon as free hydrosulphuric acid is e^^lled 
by heating the solution, jt subsides perfectly, and may easily be 
coUeeted on a. filter. One condition, however, inust be observed 
in order to insure success, namely, that .the liquid does not 
contaiil a free ^kali; for sulphuret of arsenic is dissolved with 
remarkable facility by pure p6tassa or ammonia. To avoid 
this fallacy, it is necessstry to acidulate the solution with a little 
acetic or hydrochloric acid. . ^ , ' • 

But it does not necessarily follow, because hydrosulphuric 
acid causes a yellow precipitate, that arsenic is present; since 
there are not less than- four other substances, namely, sele- 
nium, cadmium, tin* and antimony, the sulphurets of which, 
judging from their color alone, might possibly be mistaken for 
orpiment , • . - -^ 

But by drymg the precipitate-and subjecting it to the process 
for obtaining metallic an^enic,\tob^ hereafter described, the 
sidphuret of arsenic may readily be distinguished fi'om these 
and all other substances. In the same manner, the precipitates 
obtained by the preceding tests should be examined; ' • . 

4, But the most decisive test is to obtain the metallic arsenic, 
which may be done from the prfedpitates thrown down by the 
preceding tests; but, if the suspected substance is in the solid 
state, it may bi at once subjected to thSs process. 

The substaiiee supposed to contain the.arsehious &cid should 
be dried at a" low temperature, and mixed with two or three 
times its own weight of black fliix, and introduced carefiilly 
into the bottom of a small test glass, made by closing hermeti*' 
C£dly one end of a small ^^lass tube some fpur or six inches in 
length. After wiping clean the inside of the tube by a piece of 
cotton attached to a wire, the part containing the mixture is 
to be held in the fiame of a spirit-lamp, when the metallic arse- 
nic will be sublfmed.and make. its appearance in a beautiful 
ring of a steel-grey color and metallic liistre. around the inside 
of the tube just above the part heated to redness. If the closed 
end of the tube be now cut ofi* and heat stgain applied to the 
part containing the metallic crust, the metal will disappear. and 
another ring of white oxide form a little higher up in the tube. 
A current of air will pgiss through the tube by which the metal 
wDI be oxydized, and carried a little higher up in the tube, 
where it will be condensed by the cool surface of tlie glass. 

• The occurrence of the precipitates by -the first, three tests, as 
delK3ribed above, may be considered only as indirect indica- 
tions df the presence of arsenic, which, as bas been intimated, 
may^all be fallacious^ but the appearance of the metal itself, and 
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tbe oQUversioa of it again intq the while oxidey must b^ cbn- 
sidered as abisolutely demonstrative of tt\e fact. 

5. Another ctirious test has been proposed by Maj^sh,. which 
is founded on the well-known fact, that, when hydroge/i in its 
nascent state comes in contact with any compound of oxygen 
aQd arsenic, the dompoand is decomposed, and the hydrogen 
and arsenic combine, producing a gaseous compound called 
arseniuretted hydrogen. If this gas is inflamed as it escapes 
into the air through a 'fine tube, it burns with the production 
of the vapor of water; Svbile metallic arsenic or arsenious €u;,id 
is deposited, accQrdfhg as the supply of oxygen is more or less 

, abundant H^tice, if a piece of cold window-glass- or white 
porcelain be held in the flame, it^ surface will instantly be 
covered with a thin' coating of metallic arsenic ; but if the "flame 
be made to burn in the centre of, a glass tube <^n at both 
extremities, the. inner .surface of the latter is ^covered in the 
course of iialf a minute ^ith .arse;nious acid. If the tube be 

. held obliquely, so that the flame shall. strike against it, both 
depositions take place, and by applying the nostrils, ^the pecu- 
liar odor of arsenic is at once perceived. 

708. The ezperimeBt is best made in the fo]lowiiT|f manner. The sua* 
pected aabstance if it contains any splid matter is to.be boiled a Few 
minates in distilled Water and fUtered, afid then m^zed with a few oiinces 
of dilate snlphuric aeid. It is then introduced into an ai^>aratuB constructed 
Tii. 83.* ^' '^ follows : . It. consists of two parl^, a cylindrical glass 
. vessel n, Figure 83, and a cappied bell glass furnished 
with 8 stopcoek and tube 6, through which the gas may 
issue. To the upper part of the bell-glass receiver a 
string ra attached, by which a fl'agment of zinc 6 is sua- 
pended near the bottom of the vessiel. ^ Now by the 
action of the dilute acid upon the ziiic, hydrogen gas is 
rapidly formed, and escape? by tiie stopcock and tube; 
dr 4f the passage is closed, by accumulating in the bell- 
jar, it soon forces out' the liquid so as to remove it from 
the zinc, and of coarse causes the action to cease. If the 
stopcock. is opened the gas escapes throagh the tube by 
the pressure of the liquid, which again coming in con- 
tact with the zinc, the' evolution of the gas at once re- 
conunencea. *On burning the gas. as it escapes, the 
presence of. arsenic will at once be recognised by .the characters above 
specified. / . 

An apparatus like, the above answers well also for proeuring pure hydro- 
gen (377), or for the hydrogen lamp (383). It is, however,- by no means 
essential for the perfect succe'ss-of Marsh*s experiment, though very conve- 
nient For this, a fbor ounce vial answers well, with a cork;and piece of 
pipe-stem for a tube, accurately fitted into the neek. After the materials 
are introduced and the cork inserted, care should always be taken to allow 
sufficient time to elapse for all the atmospheric air to escape before the gaa 
is inflamed, or an explosion (380) may ensue. 

But having by tjjese means obtained the indication pf.arse 
nic above described, we are iiot tor consider the test infallible, 
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as it has been discovered that antimony is capable of forming 
with hydrogen-^ compound/which burns much like arseniu- 
retted hydrogexi, and deposites a- metallic crust on a cold sur- 
face in the same manner. - The*- two gases may, howeyer, be 
readily distinguished, for if the metallic crust is formed by 
arsenic, it will bfe volatilized by the application of heat, but if 
ifbe antimony, it will, be melted and Vdn together into a glo- 
bule. If the part of the tul>e containing the crust be separated 
by a file and boiled a fe^ minutes in pure, water, jt will disap- 
pear if the metallic deposit is^rsenfc, butwill re.main unaffected 
if it is antimony. , ^ ^ . >' • ^ 

To avoid mistake, care should of course be taken to have all 
the materials used, perfectly pure, if possible ; the water- shoudd 
be distilled, and the acid and zinc used should first be tested for 
arsenic. Not unfrequehtly, this .substance is found in both the 
sulphuric acid and the zinc of commerce, which are therefore 
rendered unfit for use for this purpose. • The apparatus, after 
being once used, should be thoroughly' cleansed t)efore being 
again employed; ' " . ',, ' ' 

In attempting to apply any of the preceding testsT, inasmuch 
as the poison is never administered in a state of purity, we 
shall often be obliged to encounter difficulty at the outset, from 
the presence of other substances, particularly qrganic matter. 
The operator must often of course be gilded by circumstances, 
but, in many cases, much foreign matter may be separated by . 
evaporating Vd 4ryness wi^ar/y, and again dissolving in boiling 
water and filtering. The addition .of a little acetic, acid to 
coagulate ^ahy caseotrs (Sr albuoiinous msitter, will T)e benefi- 
cial, OT the adoption of other means. 

When a suspected substance is examined for arsenic, if the 
proper precautions are observed, the indications ofjthc/last two 
tests mtiy be considered ^as decisive ; 'and the two processes 
should always be carrieid on simultaneously, A single test, 
as above remarked, should i*ardy be relied upon in a case of "So 
great importance,; nor is it best to distract the attention by 
introducing too. many. *. 

Arsenious acid is consideraMy used in the arts, particularly 
in the manufacturex^f glass in imitation of porcelain and artifi- 
cial gems, and in the preparation of Soheele's green. It is also 
used in medicine.* ' 

* A recent writer has proposed a very simple method to prevetit ihose fata 
accidents that are often occurring by persons mistaking this substance 
for cream of tartar, or magnesia, or some similar' substance. He pro- 
poses that one part of ferrocyanide Of potassium, and one of aulphate of 
iron; both in fina powder, should be intimately mixed with every hundred 
parts of the arsenic, wliich can scarcely injure it for, use in the arts. If a * 
person should mistake it for some, other substance, and attempt to dissolve 
It, the color of Prussian biue,^ at once making its appparance^ would of course 
excite suspicion and lead to v)ve8tigation» which' woirid probably result in the 
discovery of the daliger. The arsenic intended tohe usedin medicine, as tlie 
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J^. Ar$enie Acid, — ^This compound may- be formed by diwolviiig one 
pout of araenious acid in. six. parts.ibf concentrated nitric mixed wkth a little 
hydrochlorio acid, an^ evaporating to perfect dryness. ' 

This acid Ihas a sour metallic taste, reddens vegetable bhie colors, ahd 
with alkalies forms neutral salts, which, are termed arseniates. It is much 
more soli^le in water than arsenious acid, dissolving in five or six times its 
weight of cdd, and in a still smaller quantity.of hot water. It forms irre- 
gular grains when its solution is evaporated, but does not crystalize. If 
strongly heated, it fuses ipto a glass which is deliquescent When exoosed 
to a very strong red heat,, it is resdved into oxygen and arsenious acidl It 

is an active poison. . 

' •. . ■■ ■ ■ » ' -■ » 

.AR.8JBNIG AND HT-1>R0GEN« 

There, is but one compound of arisenitf and hydrogen^ wkich is composed 
AS follows : 

Arsenic, Hydrogen, Equiv, Symbol, 
Arseniuretted hydrogen . . . . 2 eq. -|- 3 eq 78.4 .... As^Hs 

lW,\Ar»eniuretted tfydrogen, — This gas which Was. discovered by 
Scheele, besides the method described under the test of arbeniom acid, may 
be formed, by fiising inetallic arsenic with its own weight of granulated 
zinc, and dissofving-the alloy in strong vhydrochloric acid. 

The gas thus -evolved is quite free from hydrogen, being absorbed 
without residue by a saturated solution of sulphate Qf oxide of copper. Its 
specific gravity^ according to Dumas, is 2.69. It is colorless, and tias a 
fetid odor, like that of garlic. It extinguishes bodies- In ooihbudtion, but is 
itself kindled by them, and burns with a blue flame; It instantly detflroys 
small animals that are iiflbiersed in it, and is poisonoas to man in a 'high 
degree, having proved fatal to several experimenters. Water absorbs .dne- 
fiflh of its volume, and acquires tiie odor of the gas. It wants altogether 
thd properties of an..acid. - /' 



ARSENIC AND SULPHUR. 
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. There are three corapQunds- of arsenic and sulphur, theproto,8e8qoi,and 
persulphuret* 

Arsenic, jSuIpkur, Equiv, Symhois 

ProtosulphUret . , 1 eq. 4. 1 eq 53.8 .... AsS 

Sesquisulphuret 2 eq. 4. Seq.' .... 123.7 .... AS2S3 

Persulphuret ..«••.• ^ • • • 2 eq. 4- ^ eq. .... 155.9 . , . . Ass^s 

711. ProtQ^lphuret of Arseiue. — ^This is found native,- constituting the 
realgar of commerce. It may be ^'rmed aHificially'by heatihg arsenious 
acid with about half its weight of sulphur, until the mixture is brought into 
a state of perfect fusion. The cooled mTiss is crystaline, transparent, and 
of a ruby red color, and ^ay be subiimed in close vessels without change. 

712. Sesqiiisulpkuret of Arsenic, — Orpvment^ or sesquisulphiuet of arse 
nic is often found native, but -it inay also' be prepared by fusing together 

presence of the substance would be objectionable, he proposes to scent with 
oil of lavender, by which it would always be distinguiiBhed from other sub. 
stancei^ of the kind. 

With regard to this plan we may remark that it might succeed if all the 
arsenious^ acid in the world should pass through the hands of a single person 
who would tfttend to-it, but as circumstances are, it is more than doubtfuj ' 
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equal parts of arsenions acid and snlphar. A better* mode* however, to 
obtain it quite pure is to'tr^mit a current of jiydrosulphuric acid gaa. 
through a solution of ar3eniods acid. Orpiment has a rich yellow color, 
fuses readily when heated, and becomes crystaline on cooling, and in close 
vessels may be sublimed without change. It is dissolved with great facility 
by the pure alkalies, and yields colorless solutions. 

Orpiment is employed as a pigment, and is' the coloring principle of the 
paint called king^s yeUow, • -^ ' ' ' 

713. Perndpkurei of ArBCfde opcur's oiilyas an arti^cud prodiiction 
The sulphurets of arsenic are all poisonous. 

Arsenic forms compounds also with chlorine, bromine,,iodine,'tod ph 
phorus. ' •• ' 



CHROMIUM. ^ 

• • \ . - • ' « ' . . . • 

Symbol Cr ;. HqxdvdUint 28. ' 

714. Chromium was discoyered in the year 1797, by Vauque- 
lin, in a beautiful red mineral, the native dlGhromate of oxide 
of lead. ;It has since been detected in the mineral called 

, chromate ofiron^ a compound of the oxides of chromium and 
iron, which occurs abundantly in several- parts of this and 
other countries. It derives its niamer from ^pu/ia, cotor, in 
allusion to the variety and brilliancy of. the colors of its com- 
pounds. . , ' 

Metallic chromium may be obtained by exposmg. its oxide, 
mixed with charcoal, to the most intense- heat of a smith's 
for^; but owing to its strong aflSnity for oxygen, the reduc- 
tion-is extremely dificult. Chroinium has a white color, with 
a shade of yellow, and a distinct metallic lustra It is a brittle 
metal, very fusible, and with difficulty attacked by acidg, even 

• by the nitro-hydrochloric. Its-sf^ecific gravity is about 5.9. 
When fused jvith nitre, it 'is oxydized, and converted into 
chropiic acid. ^ . * 

~^CHROMIUMANDOXTOEIN. 

There are but two compounds of thes6 substances known, the sesquiozide 
and chromic acid. . ' > 

Chromium, Oxygen, Emiiv, -SymhoU, 

Sesquiozide .»....»• .3 eq. -f- 3 eq.. .. r .' .80.... • . .CraOy 

Chromic acid. «'. .1 eq. -^ 3 eq.« .... .52.. * • . .CrOs 

715. Sesquiozide of Chromium, — ^This^'theT'only known ozide of chro- 
mium, is prepared by dissolving^, chromate of potassa in water, and mizing 
it with a solution of nitrate of protpzide of mercury, when an orange-colored 
precipitate, chromate of that ozide, subsided On heating this j!al( to red- 
ness in an earthen crucible, the mercury is dissipated in Tapor^ and the 
chromic acid Is resolved into ozygen and ozide of chroihinm. 

Ozide of chromium is of a green color, ezceedingly infiiisible, and sufiem 
no change by heat It is insoluUe in watprt and after bemg strongly 






VANADIUM. - ' ' 28T 

heated, resiBts the action of .the most powerful aciAs. Fused with botaz or 
vitreous substances, it communicates to them a beautifut green color, a pro- 
perty which affords an excellent test of its pres,ence, and renders itexceed- 
ingly useful in the arts..' I'he emerald owes its color to the presence of this 
oxide; - 

716. Chromic Acid. — This* acid is best prepared by 'transmitting the 
gaseous fluoride of qhromium fnto 3vater contained in a vessel of silver or 
platinum, when by mutual decomposition of tb^ gas and the water, hydro- 
fluoric and cbfomic aoida are generated f. the former is then «xpelle^' by- 
ev'aporating the solution to dryness, and the latter in a pure state nmains.. 

By proper precautions this bcid may I>q Obtained in the form of aciculdr 
crystals of a cinnabar red oolpr. .... 

Pure dry ehromro acid is black while warm, and of a dark red color 
when cold. It is very soluble in water, rendering it red or yellow, according 
to the degree of dilution ;— ^hen the solution is concentrated by heat and 
allowed to cool, it deposites red crystals, Which deliquesce readily in the 
airi Its taste is ^our, and with alkalies it acts as- a strong acid. 'It is con- 
verted into the green oxide, with evolution ' of oxygren,, by exposure to a 
strong beat. -It destroys the. color of indi^ and o? most vegetable and 
animal coloring matters; a property advantageously employed in cahco- 
priniting, and which" manifestly depends on: thj^ facility with which it ^ 
deprived of oxygen.. • 

Chromed acid is characterized by its color, aiid by forminj^ colored salts 
with alkaline bases. , ^ - ■ _ - . - 

The chloridaa, bromides, iodides, fluorides, sulphurets, and phosphurets 
of chromium are. omitted, as possessing nothing to rendec them of peculiar 
interest •.••,' -.- ■ • 



vana-Dium; 

., Symbol T; EquwcUentGB.6.. 

717. Vanadium, so called from Vanadia, the name cf a Scandinavian 
I deity, was discovered in '.the y^r 1830 by Professor ^nBtrom, of Fahlun, 
in iron prepared from the iron ore of Jaberg, in Sweden. Soon after Se£l. 
* str6m*s discovery,^ the ^same metal was found by Johnston, of Durham, 
in a mineral from W^nlockhead, ii^ Scotland, where it occurs as a vanadiate 
of oxide of lead.. A sinrilar mineral^ fiwnd at .Zimapan, in Mexico^ was 
.examined in the year 1801, by Professor Del Rio, who, in the belief of 
having discovered a new metal, gave it the name of Erythwtmiurtti appa- 
rently from the red cobr of its acid ; but as Collet Descotils, on hemg 
appealed to^ declafed the miperal to he- qhromate of lead, Del Rio abtrndoUed 
his own opinion in deference to a higher authority. Thus have three per- 
sons noticed the existence of vanadium, without the knowledge of each 
other's labors. y 

This metal, in many of it& properties, appears to be intermediate between 
chromium and nranium. It forms with oxygen two oxides and one acid, 
called vanadic acid,* ^nd combines also with several other simple non-me- 
tallic 'elements. , . . \ 

* An excellent writing ink, it is-eaid, may be made from f anadiate oi am- 
moma, and infusion of gall8.^Berz«Zitw. • • ' 
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MOLYBDENUM. 

' • • 

' Symbol _Ma; Equivalent 47.7. 

718. This is % white, brittle metal, and ao verj infuaible that it has Bever 
yet been perfectly fuaed. It is sefMirated ftiaai its ore, the native sulphujret, 
with considerable difficalty. Neither the metal, or any of its compounds 
have ever yet, it is believed, been applied to «ny usefiil purpose. The name 
was formerly applied to all light, friable, mineral substances of i dark color 
and peculiar greasy /eeling, as plumbago or Uack lead (448, 674), with 
.which it was formerly confounded; but its_ color is decidedly blue, while 
that of 4>lumbago is bkck, so that thd practised eye will easily distinguish 
between them. The specific gravity of the pure metal is about 8.6. 

Molybdenum combines with oxygen in three proportions, forming two 
oxides and an acid. It iniites also with -other elementary substances, as 
chlorine, sulphur, &.c. , . ^ 

■/< < . :^ — '' — 

■.\ . ■ . 

I'UNGSTEN. 

Sjfmbol W; Equwaleht99,7. . 

719. This- metal derives its name from the Swedish words J\tng Sten, 
heavy stone, from the density of its ores; it has Klso1>een called wolfram^ 
from the mineraLof that namei which is a tungstate of the oxides, of iron 
and manganese.. ' . . 

The metal may without difiiculty be. obtained from this ore, but it requires 
a very intense heat to fuse it ipto a globule. 

Native wolfram is found at Monroe and at Trumbull, in the state of Con- 
necticut, as well as in several places in Ejiropci. 

Like molybdenum, this ftietal forms with' oiygen two oxides and an acid. 
It~forms definite compounds also witli sulphur, chlorine, &c. 



GOLU-MBIUM. 

Symbol Ta; Equivalent ^IS5. 

720. Thi» metal wa» discovered .in 1801, « by Katchett, who detected 
it in a black mineral belonging to the British Museum, supposed ta have 
come from Massachusetts, an/d from thi^ circumstance applied to it the name 
of columbium, •About two years after, EkeWg, a Swedish chemist, 
extracted the shme substance from tantalite ^nd yttro4atUalite;- and, on the 
supposition\of its being different from columbium, described it under the 
name o(4antalum. The identity of these mejals, however, was established 
in the year 1809, by Wollastort. ... 

This mineral has since been discovered at HaddaiA and Middleto%n, 
Connecticut ; and there is some reason for supposing the first specimen was 
obtained from the-same vicinity. - " ' 

' Columbium exists inmost of its ores as an . acid, united either with the 
oxides of iron and manganese, or with soibe of the' earths. This acid is 
i^eparated from the ore by fusing it with three or four times its weight of 
carbonate of potussa, and then decomposing the oolumbate of potassa tnat 
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it.fbrmecl, by an acid. By this process the cohimbic i^cid is precipitated as 
a white hydrate. ^ ^ ' ' 

Colurabic acid is^ith difficulty reduced ta the metallic state by the action 
0f heat and charcoal ; but Berzelios suoceeded'in obtaining this metal by 
hekting^ potassium with the dpuble fluoride of potassi^tn t|nd columbium. 
On washing the reduced mai^ with hot water^ in order to remove the fluo^ 
ride of potassium, columbium is left in the form of a black powder. In 
this state it dees not< cphduet electricity ; but in a denser state it is a per- 
fect conductor. By pressure, it acquires metallic lustre, and has an iron- 
grey color. It is not fusible at the temperature ai which glass is fused. 

. Several compounds of columbium with die non^netaUic elements ar«. 
known, butnoappUcatioA of any^of them has been, made in- the arts. 

ThiB metal is still; called tUnUlum in some parts of Europe, whence iU 
•symbol*- ^ . 

ANTIMONY. . 

- • Symbol Sb^ Equivalent 64*6. 

721. Antimony was first nt&dp known as a metal in the 15th 
century, by Basil Valentine, and is said to derive its name 
{arUimoiney anH--monk,) from having proved &tal to some monks, 
to whom it was giyefi as a medicine. It sometimes, occurs 
native ; bilt its only ore which is abundant, and from Ivhich the 
antimon^r. of cbmme.rce is derived, is tjie sulphuret. This ore, 
the stibium of the ancients,^' was long riegarded as the metal 
itself, and was called arUmxtny, or c^ide ontimony ; while the 
pure metal was termed the v^ubis of antimony, ^ • 

Metallic' antimony may be obtained either by heating the 
native sulphut'et in^a covered cruliible, with half its Weight of 
iron filings ; or b]f mixing it with two-thirds of its weight of 
cream of tartar and oile-third of .nitre, ^nd throwing the mix- 
ture, in small successive portions, into a red-hot crucible. By 
the first process the stQphUr unites with iron, and in the second 
it is expelled in the form of sulphurous acid-; while the fiised 
antimony, which in both'^cases collects in the bottom of the 
crucible, may be drawn off* and received in moulds. The anti- 
mony thus obtained is not absolutely pure; and, therefore, for 
chemical. purposes, it should be proctfred by heating the oxide 
with an eiqual weightofcfTeam of tartar. 

722^ Antimony is a brittle metal, of a white color, running 
into bluishtgrey, and is possessed of considerable lustre. Its 
density- is '6.7. At 810<^ it fiises, and on cooling' acquires a 
highly lameUated texture, and sometimes yields crystals : like 
arsenic, bat unlike ipost other metals, its primary form is a 
rhombohedron. It has thp character of being a volatile metal ; 
but Thenard found that it bears an, intense white heat without 
subliming, provided atfnqspheric air be perfectly iexcluded, and 
no gaseous matier?, such as carbonic acid or waitery vapor, be 
disengaged during the process. Its surface does- not tarnish 
25 
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by exposure to a dry atmosphere, hut if moisttire i§ present, a 
dark substance is formed, which is by some regarded as a defi- 
nite "compound. Heated to a white or/eVen rail red heat in a 
covered crucible, and thep suddenly esiposed to tHe air, it 
iniQames, and burns with a white lights During thi5 combus- 
tion a white f apor rises, which condenses on cool surfaces, fre-- 
quently in the form pf .small shining needles of silvery white- 
ness, s These crystals were fprmedy called argeniine flow era 
Qfantinumy, ,*-.:. 

Antimony ia so very brittle that no use can be made of it in 
a state of purity ; bu.t alloyed with other metals it is much used' 
in the arts. A- native alloy of nickel, and antimony is found in 
Europe. 

ANTIMONTANDOXYGEN. 

Ozyj^en forms .with antimony an oxide and two acids, the antim<^inoii$ 
and antimonic acids. • They me coinpoBed'as'fbUows; 

ArUinumy. Oxygen, Equw. SymhoU, . 

Sesquioxide. .2. eq. + 3 eq.. : . . . . .153.3. . . .SbgOa. 

AntimonioQs acid ......... .2 -eq. •+• 4 eq.« .... . .161.9. • . .Sb^04 

Antimqntc acid ^ , .n .2 eq. -j' ^ ^•'* ■ • * * •^"169.2. . . .Sb^Of 

723. Seaquioxide of itn^fnonV'-^This is Ihd substance formerly called 
poader^ Algaroth, It is the basis <>f the well-known medicinal prepari- 
tion cajled tartar emetiCf ig^bioh is tlie tilrtrate of antimony and potassa. 

GlatSi Hveff and erocu9 ef afUimony, are nothing more than indefinite 
mixtures of this oxide with the snlphuret of anticAony. They 'are formed 
b^. roasting the native Sulphuret till a portion of oxide is formed, and then 
Titrefying the mixture with a strong lieat •. « 

724. AfUirrumUmB Acid,^-Wheii meta^c antimcAy is digested in. strong 
nitric acid; the metal is oxydized 'at the expense of the -a6&,'iindihydrat^ 
antimonifi acid is ibrmed ; and en exposing this substance to a red faeat, it 
ffives out water and oxygen gas, and is converted into^antimonious acid. 
It is also generated when, the .oxide is exposed to heat in open vessels. 
Thus, on heating sulphurel of antimony with free exposure to, tbd air, sul- 
phurous acid and sesquioxide of antimony is generated ; but on continuing 
the roasting until all the sufphur is burned, the oxide gradually absorbs 
oxygen and passes into antimonioUl» acid. -Antimdnious aoid is white while 
cold, but acquires a yellow tint when heated^ is very infusible, and fixed in 
the fire, two characters by which it- is readily distinguished from the oxide. 
It is insoluble in- water, and likewise in acids, aflef being bested to^redness 
It combines in definite .proportionswith ail^alies, and its salts "are called 
antimordtes. - Antimonious acid is precipitated from these salts- by acids as 
a hydrate, which reddens litmus paper, and is dissolved by hydrochlorip 
and tartaric acids, though without a^pearin^ ^ form with^em definite 
coropounds. ^ ' v . . 

725. Afdimonic Aeid. — ^This acid, sometimes_paHed|ifr(mJ« of antimony, 
is o'btained ^a a white hydrate', either by digesting the metal in strong nitrio 
acid, or by dissolving it ih nitro-bydrbcbloric acid, concentrating by heat to 
expel excess of acid, and throwing the solution into water. When recently 
precipitated It reddens litnras paper, and may then be diteolved in water by 
means of hydrochloric or tartaric aqid. It does not enter into definite com* 
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binatibns with acifkibot with alkalies forms salts, which are called afUimo- 
mates. Wheo<liydrate<| antimomc acid is exposed to a temperatare of 500° 
or 600^, the water is evoived,rMid the anhydrous acid of a yellow color 
remains. In this state it resists 'Iho' action of acids. . Whdn exposed to a 
red heati it parts with oxygen, gjid iff convert^ into imtiiiionious acid.' 

' ANTIMONY A Nt>.OHLaRIIlR. 

Antimody forms with chlorine three compounds, as follows ; 

- >' - . AtttimoM/.' Chlorine, Equiv,^ Symbols.' 
SeaquicMoride.... i . , . . •.\.,. t ... t.^ 'SLifeq. -h 3.^. . • . .83&.46n. .Sb2Cl3. 
Bichloride S eq. 4- 4 eq. . . r-STCSS". . .SbaCU- 
Perchlopide^. . . .:... ., .. .. .. . ...2eq. + 5eq.;...«06.3 ...SbaCis 

. . ♦ • . • . 

726. SesqaieQorids af^ ^nttmony.— The sesquiohloride of antimony is 
always formed when antimony iji finejwwder is dropped into ajar of chlo- 
rine gas; .Spontaneous combustion taJces place between them instantly 
Ojion their coming in contaet. At common temperatures it is a soft solid, 
and has thererore been, called buttOr^ef tmtinohy. "it is JiquefiedHliy a vciy 
gentle heat, and' cry stalizes on cooUnff. '. . 

727. The bichloride and perskUfride of antimony possj^ss no properties 
that render them of partienlar interest 

The natiye sttlpl^tr^ -of afOinumy is ft sesqmsulphuret tts specific 
gravity is 4.63. When this is .boiled in ' a solution of potaasa or soda, a 
liquid is obtained, frem which, on cooling, aa orange-red matter is deposited^ 
called JCermss mineral. On sobsequently nentra]izin|f the cold Mlution 
with aii acid, the golden sulphuret of the pharmacopcsia is pbtaine^^ These 
compounds now; possess little interest * 

72B7 AnUmoMuret'^'of Hydrogin is formed wBen^er' hydrogen in its 
naseent state is .brought 4n eohtacl with this m'etaL The eompouhd is 
gaseous, and is colorless and insoluble in wdter. It much resembles arto- 
ninretted hydrogen; bat' the two oompod&ds may easilf be distinguished 
by means before pointed out (708). 
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UKAWIUM. 

Symbol U; Sqtdvalght 217, 

729. l^s metal was discovered in 1789« by the German analyst,' KIs'T 
proth, whoiiam^d it after the new planet' Uraiius, the discovery 'of which 
took plaoe in the same year. It was obtained from a mineral of Saxony, 
called, from its bladK color, pitch:-blendef which: consists of protoxide of 
uranium and oxide ofiton. 

From this dre the metal is extracted without difficulty ; it is of a dark: 
grey color, is fused with diificulty, and has a specific gravity of 9. . 

With oxygen it unites in two proportions, the fii:st of which, or protoxide, 
b used for piiinting black upon porcelain. The metal is known to combine 
also with Chloride and sulpiiur. . ' ^ ' 
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- CERIUM. 

Symbol Ce.; Eqmvc^ent 46. 

730< TriTs metal, named after tbe planet Oei'es, was disoovAed in 1803 
u a rare Swedish ibineral. It i^onstltntes 34 per oent, aa has since been 
determinedi of the mineral calltBd AJUamU^ in honor of its discoTerer, Mr. 
Allan. ., : ' \ 

Cerium is a white, brittle metal, but Its prdp^es are little known; It 
forms two compounds with oxygen, and 19 papable of uniting also with 
chloilne and sulphur- 

, . ' LAWTHAN^UM, 

Symbol La; EqtdvaierU ? . 

731. Lamthanum is a new^inetal, Kcentlj disooTered by Moeipidto, aflpo> 
elated with cerium. It receives its name ijrom XoyAnrw,. / lurk or eludti in 
allusion .to its having remained eo long con<5ealed in the ores of oeriom. 
Little is known of its properliej| or compounds. ' 



BISMUTH. 

Symbol Bi; Equivalent 71. 

• ■ ' " ■ 

732. T«is* metal was kno>^n to the ancients, though often 
confounded by4hem wjth lead and tin; but it appears to have 
derived the name of bismiUh, or moTe properly vfismi/sUii from 
the German miners. It occurs in the earth both native and in 
combination with other substances, such as sulphur,- oxygen; 
and arsenic. That which . is .employed in the arts, is derived 
chiefly from, native bismuth, and commonly . <5bntains small 
quantities of -^Iphur, iron, and copper. It may be obtained 
pure for chemical purppses, by heating the oxide or subnitrate 
to fednes9, along with charcoal. 

Bismuth has a reddish-white color and. considerable lustre. 
Its structure is highly lamellated, and when slowly -cooled, 
it crystalizes in .octohedrons. Its density is. about 9.8. It is 
brit^e when cojfd^ but may be hammered into" plates while 
warm. At 476^ it fuses, and sublimes in close vessels lit a 
red^ heat. It is a less perfect conductor than most other 
metals. '. 

Bismuth is used in the arts in combination with other metals, 
but never, it is believed, in its pure ^tate. 

It forms definite compounds with oxygen, chlorine, sulphur, 
and other non-metallic elementary substances. ■ 
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TITANIUM. 

r , f • • • 

Symbolic; Equivalent 24.3. 

733. Tbib metal waa first recognised <i8 a new subfftaQce by Mr.. Gregor, 
and itq existence was afterwards established by Klaproth^ who fancifully 
gave it the name of ftfamtttR, afler the TUdns of aneient fa^le. Bat the 
properties of the metal were not asoertaincd in a satbfactory manner until 
the year 1832, when .WoUaston was led to examine some minute crystals 
which were found in a slag, W the -bottom of a smelting' furnace, at the 
great iron works at Merthyr Tydvtt, "in Wales. ".''... 

Gregoc obtained it from a mineral' called mc'iuMAaskite, which is ftiund in 
the vaUey of Menaehan, in GomWall. Since that- time, it has been disco- 
vered that the mineral c^ed rvtiU is nearly pure tUMic offrf, and. ana toss 
is composed -solely of the protoxide' of tifanium. 

• The metal possesses a beautiful copper red cobr, and is. so exceedingly 
hard that it' win scratch rock-crystaL ' ■ 

Oxide of titanium haer recently been considerably. njKd to color mineral 
teeth, in imitation of natural teeti, but the metal itself has not yet been 
applied 4o any iiseAil- purpose. ' •• - 

Them ate seyeral compounds oir.cfaiorine»' sulphar, ^fec, with titanium^ 



.' TJILLURIUBT. 

Symbol T^l.EqmvalefU'GiSL 
' J, . -- ' - ■ . - 

734. TcLLumiVM is i rar^ metal, hitherto found only in. the gold mines 
of Transylvania^ fend eyen there in^rery small qnaniity. It was discovered 
in 1798,' iiy Klaproth, who gave it the name <x idberiumt iromfe0«Sv^A« 
earthy suggested hy the sourer from which lie drew the name of qranhim. 
I^ occurs in the metallic state, chiefly in combination with gold and silver. 

Teliurmm has a tin-white colorvrunning into lead-grey, a strong metallic 
lustre, and lamellated texture. It is very brittle, and its density is 6.14. It 
fuses at a temperature below redness, and'at a red heat is volatile. When 
heated befbre the blowpipe it takes fire, burns rapidly with a. blue flame 
bordered with- green, and is dissipated in' grey-colored, pungent, idodoroiis 
fumes. " ^ . ' ' \ ', 

It has bden dpnbt^ by ikome wl^the^ this substance should not be classed 
with sulphur, selenium; &c., as a non-metallic element, rather than with 
the metals, where it is usually placed by En^ish chemists. One reason 
^iven for refusing it a place among the .metals, is the fact that it is .diaBolved 
m concentrated sulphuric acid without being oxydized, which is net the 
case with any acknowledged metal. 

It is capable of uniting with oxygen, chlorine, sulphur, and hydrogen. - 



, COPPER. 

Symbol Cu ; Eqtdvalenl SUQ, 

735. Copper is one of the most abundant of the metals, and 
was well known to the ancients. Native copper is by no 

means uncommon* being found more or less in most copper 

25* . * -.,•••■■ ^K 
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mines ; it occurs in large amorphous maisses in some parts of 
America,* and is sometimes met with in octohedral crystals, or 
in some of the forms allied to the octohedron. 

This metal received its Latin name, Guprum/(from which the 
English name, copper, is derived,) -from the circumstance that 
it was first di^covered in the island. of Cyprus, in the Medi- 
terranean»or at least was first wrought there to any considera- 
ble extent. ' 

The copper 'Of commerce is extracted chiefly from the native 
sulphuret; especially from copper pyrites, a. double sulphuret 
of iron and ooj^pef » but much is 'also obtained from -the oxi<L?s« 
Carbonate, phosphate, silicate,- sulphate, and other salts of 
copper,, are K>and native. * 

The metal is extracted from the <yxides and thie native car- 
bonate by sknply heating them with charcoal in, a wind fur- 
nace, biit the sulphnrets are reduced with much more diffi- 
culty, / ^ f . 

736. Copper is distinguished from all other metals, titanium 
excepted,, by having a red color. , It receives a .considerable' 
lustre by polishing. Its density, when fused. Is 8:9, and is 
increased by hammering. It is both ductile and malleable, and 
in tenacity is inferior only to iron.- It is hard and elastic, and 
consequently, spnprous. Jts point of fusion is 1996^, being less 
fusible than, silver and mord so than gold. 

Copper undergoes' little change in a perfectly dry atmo- 
sphere.; but is. rusted in a short time by exposiire-to air and 
mpisture, bein^ converted Jnto a green substance, carbonate 
of the black oxide of ^sopper. At a red heat it absorbs oxygen, 
and is converted into black scales of oxide. It is attaclgsd with 
difl^culty by hydrochloric and sulphuric acids, and not at all 
by solutions of th^ vegetable acids, if atmo^eric air be ex-f 
eluded; but If Air have free access,* the metal absorbs oxygen- 
with rapidity, the attraction of the acid for the oxide of copper 
oo-operating with that of the copper for oxygen; Nitric acid 
acts with- violence pn copper, forjxiing a nitrate of the' black 
oxide. , . - * , 

ALLOYS. OPCOPPER.. 

*•■■'" , 

• 737;- Copper, in its separate state, is used extensively in. the 
arts for various important pqrposes, atid it^also forms with 
several other metals many very useful alloys. 

With tin, oopper fonns several valuable alloys, which are 
characterized by their sonorousness. Bronze -is an alloy of 
copper with about eig)it or ten per cent, of tin, together with 
small quantities of other metals, which are npt essential to the 
<;ompound. Camions are cast with an alloy of a similar kind. 

*" Near thie shore of Lake Superior, a mass of native copper was discovered 
in }4$21, which was computed to weigh 2!^ pounds. 
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The X^esibeU^metui is composed of 80 parts of copper am^ 
20 of lln ; — the Indian gong; celebrated for the ^chhess of its 
tones, contains copper and tin in "^th^s proportioh. A specimen 
of English, bell-metal was foiind by Jhomp^on to consist of 
SO^jparts of copper, 10.1" of tin, 5.6 of zinc, and 4.8 of lead. 
Lead and antimony, though in smal) qiiauitlty, have a remark- 
able/efifect in diminishing the elasticity and sonorousness of the 
compound. Specuiumrmetal, with which mirrors for telescopes 
are made, consists of about two part^ of copper arid one of tin. 
The whiteness of the aUdy is improved by the addition of a 
little arsenic. 

Copper and zinc unite in several proportions, forming alloys 
of great importance in' the arts. The best brass consists of 
four parts .of copper to one of adnc ; cuid when the iatter is in 
a greater proportion, compounds are generated which are c^led 
tornbaCf Dutch goldi and pinchbeck. The fjohite copfier, of the 
Chinese is composed of 40.4 parts of copper, 25A of zinc, 31.16 
of nickd, and 2.6 of iron. 

7B8. The art of tinning copper consists in covering that metal 
with a thin layer of tin, in order to protect its surface from 
rusting. For this purpose, pieces of tin are placed upon a weH* 
polished sheet of copper, which is heated sufficiently for fusing 
the tin. ' As soon as* the tin liquefies^ it as rubbed over the 
whole sheet of copper; afid, if th« process is skilfully con-^ 
ductedj adheres uniformly to its surface. The oxydation of 
the tin, a circumstance w.hich would entirely prevent the suc- 
cess of the operation, is avoided by employing fragments of 
resin or muriate of ammonia, and regulating the temperature 
.with great care. . The two metals do not actually combine ; 
but .the -adhesion is certainly owing to their mutual affinity. 
Iron, which has . a .weaker attraction than copper- for tin, is 
tinned with mdr^ difficulty than that mdtak 

Antimony and copper form an important alloy with tin, called 
Britannia metaL 

An alloy of copper with a tenth part of arsenic is so yery 
simihir in appearance to silver, that it is sometimes substituted 
for it 

German ailver, which' has been recently so mUch in use for 
various purposes, is an alloy, of copper with nickel and zinc. 
The proportions, it is believed, are variable. 

Equal parts of copper and zinc forms hard «o2(ler, whicn v$ 
used in soldering together pieces of brass. 

COPPER ANDOXYQBN. 

It is generally believed there are- three oxides .of. copper, 
hough some have enumerated only two. They are the di, 
roto, and hi br per oxides, which are composed 4is follows * 
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_. Copper. Oxygen, Efuiv, StfmboU 

Dioxide ...../..,. .2 eq. + 1 eq. ,'. . .71.2. . XuaO 

' Protoxide.-. . ..:,./. 1 eq. 4- 1 eq- • • .39.6. . .CuO 

Binoxide. . . ., '. . . . 1 eq. 4- 2 eq 47.6. . .CuOa 

739. Red, or Dioxide of G(M)pcr.-^This compound occurs 
naUve in* the form of octohedrar cry stalls, and is found of pecu- 
liar beauty in the mines of CdrnwalK It may be prepared arti- 
ficially by heating, in a covered, crucible,' a mixture of 31.6 
parts ' of co{$p6r filings 'with 39.6 of the black oxide; or still 
better, by arranging thin copper plates one above the other, 
with interposed strata of the black oxide, and eippbsing them 
to a red heat carefully ptotected from the air. Another method 
is by boiling a solution of acetate x)f protoxide of copper with 
sugar, when the suboxide.' sul^sides as a red powder. Its 
specific gravity is 6.1. - . ^ . 

This oxide is red only when pure$ in (he state of a hydrate 
its color is orange-yellow. 

740. Blatk Oxide. — ^^This compound, the copper black of 
mineralogists, is sometimes, (bund native, being formed by the 
spontaneous oxydation of other ores of Copper, It may be pre- 
pared artificially by calcining metallic copper, by precipitation 
from the salts of copper by means of pure pqtassa, and by heat- 
ing nitrate of copper to redness. It varies in* color fi*om a dark 
brown J:6 a bluish-black, according to the mode of formation*, 
and its density is '6.4. It undergoes no change by. heat alone, 
but is readily reduced to the. metallic state by beat and com- 
bustible matter: It is insoluble in water, and does not affect 
the vegetable-bfue colors. It combines with nearly afl the acids» 
and most of its salts have a green or blue tint. It is soluble 
likewise in ammonia, farming with it a deep blue solution, a 
property by which protoxide of copper is distfnguls^ed fi*om 
all other substances. • . , ^ 

Copper is separated in the metallic state from the solution of 
its salts by a rod of iron or zinc. The c0(^r thus obtained, 
after being digested in a dilute solution of hydrochloric acid, is 
almost chemically pu)re. * - 

The best mode of detecting copper, when supposed to be 
presedt in mixed fluids, is by hydrosulphunc acid. The sul- 
phuret, after being collected and heated to redness, in order to 
char organic matter, should be placed on a* piece of porcelain, 

.and digested in a few drops of nitric acjd, Sulphate of prot- 
oxide of copper is formed, which, when evaporated to dryness, 

. sti'ikes the characteristic deep blue tint on the addition of 
limmpnia. 

> 741. Binoxide of €opper,^-TYm o^ide wajB prBpared by Thenard, by the 
action of peroxide of i^drogen upon the. black oiide ju>t described. . 
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' iSHLORlNE AND COPPER. , 

There are two chlorides of copper, exactly corresponding in composition 
to tbd di and protoxides. ' \ 

Copper.^ Chlorine, JEquiv, S^mhdU, 

Dichloride 2 eq. 4- 1 eq 98,6. . . . .Cu^a 

Protochloride . . . . ; ....;.-..! ieq. + 1 eq.... . r.lBT CuCl 

74S. Dichloride of Copper^ — When, copper filings are 'introduced into an 
atmosphere of chlorine g^, the metal takes fire ^pontaneonslyv and both the 
chlorides are generated. The dichhride may* be .conveniently prepared by 
heating copper filihgs with t^ice their 'weight of corrosive sublimate. It 
has been prepared in different ways, and called r^sin .of copperiastd white 
nmriaU of copper. It is slowly deposited in crystaline grains, when the 
green solution of chloride of-copper is^ept in a corked bottle, in contact 
with metallic copper. - . " ' . " • 

It is insoluble in water, but dissolves. in hydrochloHc acid, and is pre- 
cipitated unchftnged by water as a white powder. Ita color varies with the 
mode of preparation, being white, yellow, or dark brown. It is apt to absorb 
oxygen from the atmosphere, forming a green-polored compound of oxide 
and chloride of copper; a change to which the dichloride prepared in the 
moist way is peculiarly prope. . 

743. Chloride of Co^cr.-^The. chloride of copper is obtained in solution 
of a green color by dissolving protoxide of cop[ipr in hydrochloric acid, and 
crystalizes by due concentration in green needles,, which are deliquescent 
and very soluble in aleohoL When heated, the/ fuse, Ipse water, and the 
anhydrous chloride, in form of a. yellow powder, is left ; but tlie beat must 
not exceed 400°, as beyond that degree the chloride loses half its chlorine, 
and is converted into the dichloride. . /^ 

There are also several sulphurets, phosphurets," and other l>inary com- 
pounds of copper. The disulphuret is the copper jglance of mineralogists, 
and the proto^ulphoret is a constituent 6( copper pyrites. 



.LEAD. < 
. Symbol Pb^ Eqtdi^alent 103,6, 

744. This met al was well known to the ancients. As a native 
producticm it is very rare; but in combination wftli sulphur it 
occurs in great quantity; 

. Besides this there are no less than tweiity-^i^ other ores of 
this metail. All the lead of commerce, hawever, is e2:tracted 
from the native sulphuret, the galena of mineralogists. - This 
ore, in the state of coarse powder, is heated in- a reverberatory 
firnace, with the occasional addition of quicklime, by whjch 
the sulphuric acid formed .is. immediately taken up. . But the 
lead prepared in this way is seldom if ever quite pure, often 
containing a little copper or iron, and especially silver. 

A small proportion of silver is almost always contained in 
the native sulphuret of lead ; and sometimes is so abundant 
that the ore is worked for the silver it contains, rather than foir 
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the ]ead. In such xBases, most of 'the lead is separated in the 
form of Zi^Aarg-c, from (judoV Of yvpoj.) (748). . - 

745. Lead has a bluish-grey color, and when recently c^it, a 
strong -metallic- lustre; but it soon" tarnishes by exposure to 
the air, acquiring a very superficial coating, beyond which the . 
action does hot seem, to ex.teni Its specific gravity is 11.38. 
It is soft, flexible, and 'inelastic, it is both malleable and duc- 
tile^ possessing the former property in particular to a considera- 
ble-extent. In tenacity, Jt -is inferior to air ductile metals. Jt 

-foses |tt about 612°, -and when «lowly copied forms octohedral 
ccystals.' It may be .heated to whiteness in close vessels with- 
out subliming. - . . 

Lead absforbs oxygen quickly at high temperatures. When 
fused in open vessels, a grey film is formed upon its surface, 
which isa mixture* of' metallic lead and protoxide; and when 
stroijgly heate^ it is. dissipated in fame» o/ the. protoxide. In 
distilled water, previously boiled and preserved in close ves- 
sels, it undergoes no change ; but tn open vessels it is oxyniized 
with considerable rapicMty, yielding minute, shining, brilliantly 
white, crystaline scales of carbonate "of the protoxide, the oxy- 
gen and the carbonic ! acid being derived from the tar. The 
presence of salirfe ' msfttfer in water retards the oxydation of" 
the lead : and some salts, even in very ininute quantity, prevent 
it allogemer.' ^ - / ^ 

746. This pr<;>teoting- influence of .some ^ts has long be«ii 
known ; but it is only within a very recent 'period, it has been 
determined, that their preservative power is materially con- 
nected with the insolubility- of the compound which the acid 
of the salt is capable of forming with le^ad. Thus, phosphates 
and sulphates^ as well as chlorides and^iodides, are highly 
preservative ; so small a quantity as ^j^mi P^^ of^ phosphate 
of soda or iodide of {)otassium ih distilled water preventing 
the.coirfOsion of lead. In a preservative solution* the metzd 
gains weight during some weeks, in«<;onsequehce of its surface 
gradually acquiring a suj9er^cial coating of carbonate, which 
fs slowly deposited by .the- saline matter of the solution. The 
metallic surface being thus covered with an insoldble film, which 
adheres tenaciously, all further -change'-ceases. - Many*kinds 
fiif spring-water, owing to the'safts which they contain, do not 
corrode lead; and hence, -though intended for drinking, it may 
be safely collected in leaden cisterns, 

Lead is not attacked by the hydrochloric ot' the vegetable 
acids, though their presence, at least in some instances, accele- 
rates the absorption of oxygen from the atmosphere ip the 
same manner as with copper. Cold sulphuric acid does not act 
upon it ; but when boiled in that liquid^ the lead Is slowly oxy- 
dized at the expanse of the acid. The only proper solvent for 
lead is nitric acid. This reagent oxydizes it rapidly, and forms 
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with its, oxide a salt,, which cryatalizes ki opaque octohedrons 
by evaporatipn. » ' , 

'AI»,LOyS OP LB-AD. 

747. Lead like copger forms with several ether metals many 
very useful alloys. *.. ^ . .- . • 

Tin and lead jinite readily when fused together, tsOnstituting 
solder, of which two kii^ds are distinguished. The alloy called 
fine solder J consists of two parts of tin and one of lead, fiases at 
about 360^, and is much employed. in tinnjng copper. The 
coarse solder contains J of tin, fuses at about SXP\ and is the 
substance used for soldering by.'glaziers. Thus,, by varying 
the relative quantity of the .metals, a solder of diiFerent fusibility 
may be obtained. The process of hard soldering, or brazing; 
by which two surfaces of copper are cemented together, is done . 
with hard solder^ which is. made by fusing together brass and. 
zinc : the copper requires to be heated, when this solder is 
used, -to near its point effusion. '._ , 

Most of the alloys of tin and lead, made in atomic proportion/" 
have a specific gravity less than their ^calculated density ; from 
which it is. manifest th^t they expand in uniting. The amaU 
gams (681) of lead and tin, onlhe contrary, occupy less space 
%hen combined than their elements did previously. 

Tin alloyed with kms^l quantities ol antimony, copper, and 
bisiputh, forms the best kind of pewter.^ Inferior sorts contain 
a large proportion of lead. • . -. 

Tin, lead, and bismuth^ form an alloy which is fused'-at a 
temperature below 5212°. The 'best proportion, is 8 parts of 
bismuth, 5 of lead, and' 3 of tin. - * 

An alloy of three partsof lead" to one pf antimony constitutes 
the substance of which types for printing are made. 

Lead -shot is made of an alloy of lead and- arsenic* The 
arsenic is added to facilitsite the manufacture. 

,• LEAD AND ox TO EN. 

Oxygen forijj$ with lead three compounds, besides the red 
oxide, which is copposed of 2 equivalents of the protoxide and 
1 eq. of the peroxide. Their composition will appear fro^ji the 
following table : ., \ ' 

, Leadn Oxygen* Eqyiv. SymboU. 

Dinoxide .....'. . . . ; .2 eq. -f- 1 eq 215.2. . . .Pb^O- 

Protoxide , ........1 eq. 4-*l eq — .111.6 PbO 

Peroxide....... .,..1 eq, + 2 eq.. . ..119.6,...Pb03 

Redoxide...r,.:.|?-ts?fg;5 3m; ;. 

Dinoande of had is always an arMficial production, and is^ 
incapable of combining with acids toTorm salts. 

748. Protoxide of Lead,--r^hi3 oxidB is ' prepsu*ed oh a large 
scale by collecting the grey film which forms oi^ thfe sttr&ce of 
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inehed lead, and exposing it to hekt and air untU it ftcquires a 
uniform yellow color. In this state i t is the massicot of com merce ; 
and when partially fiised by heat, the term litharge (744) is 
applied to it. As thuS^ procured, it is always ipixed with the 
red oxidei It may be obtained pure by adding ammonia to a 
eold solution of nitrate of protoxide.of lead until it is* faintly 
alkaline, washing the precipitated subnitrate with Cold water, 
and when dry, heating it to .a moderate redness for an hour in 
a platinum crucible. An open fire should be used, and great 
eare taken to prevent combust] bFe matter in .any form from 
contact with the oxide. 

Protoxide of lead is red ^hile hot, but has a rich lemon-yel- 
low color when cold, is insoluble in water,^fiises at a bright red 
heat, and is fixed and vuu^hangeable in the fire. Its density 
is 9.42. The fused protoxide has a highly foliated texture, and 
is very tough,, so as to be pulverized with difficulty. 

-^749. This oxide combines readily with oils, and is therefore 
u^ed by painters 'in the form of litharge, as a drier. Boiled 
with olive oil and a small quantity of water, it forms the dto- 
chylan of pharmacopdeias, 'which is much used in medicijie in 
the formation of various plasters.* The elements of oil, it is sup- 
posed, undergo a change, and iy/o acids are formed, the oleic 
and margaHCf which combine- with the oxide of lead, as will be 
explained in the third part of this work. , 

It is capable also lof combining^ with some of the alkalies and 
earths, forming compounds which are more or less soluble. A 
body of this kind, formed by boilhiglim^and ^tharge together, 
is capable of crystalizing, and has been usedTor coloring the 
hair black. The sulphur contained in the hair cqmbines with 
the lead, and forms in the substance of the hair the black sul- 
phuret of lead, which serves as a colodng jnatter and is not 
liable to change. 

The best method of detecting the presence of lead in wine or 
other suspected mixed fluids, is by means of hydrosulphuric 
^cid. The sulphuret of lead, after being collected on a filter 
and washed, is to be digested in nitric^acid diluted with twice 
its weight of water, until the dark color of the sulphuret disap- 
pears. . The -solution of the nitrate .should then be brought to 
perfect dryness on a watch-glass, in order to expel the excess 
of nitric acid, and the residue be redissolved in a small quantity 
of cold water. On dropping' a particle of iodide of potassium 
into a portion of this liquid, yellow iodide of lead will instantly 
appear. 

Protoxide of lead unites readily with earthy substances, 
forming with them a transparent colorless glass. "Owing to 
this property it is ipuch- employed for glazing ea^hen ware 
and porcelain. It enters in large quantity into the coihposi- 
tion of flint-glass, which it renders' ipore fusible, transparent, 
and uniform. 
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Lead is separated from'its.salts in the metallic state by iron 
or zinc. The best W9y of demonstrating this fact is by dis- 
solving 1 part of acetate' of protoxide of lead in 24 of water, and 
suspending a piecdof zinc in the^oltltion by means of a thread. 
The lead is deposited upQn the zinc in a .peculiar arborescent 
form, giving rise to the appearance called arbor iSatumi, -^ 

750. Peroxide of Z/cad-^This compound is always an artifi- 
cial production.^ It i» incapable of uiiitingas a peroxide with 
Uie acids, and by heat is converted into the protoxide.' . 

When eight parts of this oxide are mixed with two aftd a 
naif parts of pure dry tartaric acid- in a dry capsule, isnition 
very soon ta£es place throughout the whole mass, which is. 
very vivid, and qf long dinratfon. Other vegetable acids iised 
in , the same manner with this oxide, produce a similar effect. . 
' 751. Red Oxide, — This oxide, the red lead, or ndnium. of com- 
merce, is employed as a pigment, and in the manu^cture of 
flint-glass. It is formed by oxydizing lead by heat and air 
without allowing it to fuse, and the|i lexposing-it in<.open ves- 
sels to a temperature of 600^ or 700?, ^hile a current of air 
plays upon its^urface. It slowly absorbs oxygen, and is'coi^- 
verted into minium. - , 

This oxide does not iinite with acids: . When heated to red- 
ness it glides 'Off pure oxygen gas, and is reconverted into the 
protoxide.' When digested in nitric acid it is respjved into proti- 
oxide and peroxide of lead, the former of which Unites with .the 
acid, while the latter remains sfy an insoluble powder. • 

It is said that the deep red color can be produced, only when 
large quantities are prepared at the same time. 

752. Chloride vf IsadoccarB as a natbralproclnctioii under the name of 
horn lead or eerdnte. It may also be formed ;artifiipially. 

753. Iodide of leadi w4iich is 'always an artificial production, is distin* 
gnished for its beautiAil yellow color. 

Tiie bromide, fltioride, sidphnret, phosphuret, and carburet of lead, posMsn 
nothinjf to excite special interest 



/ . ' SECTION VIL 

METALS, 7HE OXIDES QF WHICH ARE REDUCBO TO THe' METALLIC 

'STATE BY A RED HEAT. 

MERCURY, OR aUI cjls'l LVER. 

Symbol Hg; Equivalent 202. 
'•• • . ■ * 

754; This metal was -well knowifto the ancients. The prin- 
cipal mines from wtiich it Is obtained, are thbse of Idri^ in 
Carniolaf and Almaddh in.Spajn f.bul^it is also found in Italy^ 
South America, in the East- Indies, in ^eria, and in very small 
26 . ♦• . 
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quantities in England- an^ France. It occurjsrltt five cBSferenl 
states, constitutiag Sve^ different species ®f mercurial ore*. ' 
Native mercury is not uncommon ; tot by far the most abund- 
ant ore is cirtnabar^ which ia a sulphuret, of mercury. From 
this ore met^ is extracted by heating it with Jime or iron 
filingSi by which meahs thd mercury is volatilized and the aul- 
'phur retained. As prepared on a large scale, it is usualfy 
mixed in small quantity with other metals, from which it may 
be purified by cautious distiiration: ' ^ - 

755. Mercur'y is distinguished from .allx)ther metals by being 

- fluid, at common temperatures. It has. a tm-white color and 
strong metallic lustre. Jt .becomes solid Bt '--!39P or — 40<^ ; and 
in congealing, evinces a strong tendehtiy to crystallze in octo- 
hedrons. it contrat;ts greatly at the^ moment c^ congelation ; 
-for while. its.de»sity at 47° is 13.56, that of frozen mercury is 

15.61;^- When solid it ife malleable» and may becut^with a knifes 
At 662° or near, that degree, -it enters into ebullition,>nd con- 
denses again on cool surfaces, into metallic globules. 

In consequence of thi» nf^etal bek^ usuaily seen in the fluid 
state, and (irom its resemblance to. silver, it has been called 
hydrargyrum (vSutp opyvpoj), 'arg-cn^uw' t»iH«wi, and quicksilver. 
It is generally imported into the United States in strong iron 
bottles, and when first taken from these bottles, is said to be 

- generally very pur^. - . 

« This metal, if quite pure, ia. not. tarhished in. the cold by 
exposure to' air and moisture; but if 4t contain- othdr metals, 
the ainalgam of those metals oxydizes readily,' and collects a 
:film upon its surface.-" Mercury is' said to be-pxydized by long 
agitation in a bottle half full dfiiir,and the oxide ^o formed was 
called by Boerhaave, ethiops per se; ^but it is yevy probable that 
the oxydation of mercury observed under these circumstances 
was' solely owing to the presence of other metals. When 
mercury is exposed td air or oxygen gas, while in the form of 
vapor, it Slowly absorbs oxygen and is ^converted into the 
peroxide. • • . . 

The only acids that act on mercury are the sulphuric and 
nitric acids. ' The former' hai? no action whatever in the cold; 
but on the application of 'heatijthe mercury is oxydized at the 
expense of the acid, pure sulphu/ous acid gas is disengaged, 
and a^ sulphate of -mercury is generated. .Nitric acid acts 
energetically upon mercury, both with and without the aid of 
heat, oxydizing: and dissiplving it with evolution of binoxide of 
nitrogen. " . ' * 

756. MerCufy is made u§e of for many important purposes, hi 
medicine, in the laboratory, and ki the arts. In the construc- 
tion of thermometer? and IfeifDmeters it is absolutely essential, 
and for the mercurial bath, to enable the chemist to collect and 
transfer gases >that a^rej^b^bed by water ;, and in union with 
various other substances it constitutes the bases of many im« 
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•pdrtant medicines. Several of these preparations* will be'de-. 

ficribed in their- proper pteices. ' . 

■» . • ' ■ ■',■••■• 

AMALGAMS. 

757. This term .is exclsst^ely applied to, the compounds/of 
mercury .with the othejr ipetals. ' 

Quicksilver unites with potassium when agitated in a glass 
tube with t.bat metal, forming a solid ama%am.' When the 
amalgam is *put ihta water, the potassium is gradually oxy« 
di^ed, hydrogen gas is disengaged, and the mercury resumes 
it& liquid form.. A similar compound may be obtained with 
sodium. ' ThesQ. amalgams may also be .procttred-- by placing 
'the negative wire in contact with a globule of thercury during 
the process of decomposing potassa and soda by galvanism. 

A ^solid amalgam of tin is Employed in making looking- 
glasses; and an amalgam made of 6ne part Of lead, 'one of tin, 
two of Disjiiuth, and four partff of mercury, is used lor silvering 
the inside- of hollow glass globes. This amalgkm is solid at 
common temperatures ; but il id fused by a slight degree of • 
heat, . ' ~ 

The amalgam of zinc and tin, used for psomoting the action 
of the electrical machine,' is made by fusing pne part of zinc 
with one of lin,.andthe»- agitating -the' liquid mass with two 
parts of hot mercury placed in a woodeTa box. Mercur> 
evinces littie.disposition to unite with iron, an4 on this accoun 
it is usually preserved in iron bottles. ' _ ^ 

.'MB^CUaY A-1?D OX-YQE'N. 

Chemists are acquainted w;ith biittwb oxides of itiercury,iliw 
protoxide and the peroxide. «• - 

Mercury. Oxygen, Squiv. Sumbols, 

Protoxide. . '. 1 eq,+ l eq! 210 HgO 

Peroxide • 1 eq.-|-2 eq. . . , . .218* . . JlgO^ 

758; Protoanie-ofJ^j^cury, — This oxide is readily prepared 
by mixing calomel, which is a chloride of mercury (760), briskly 
in a mortar with pure potassa in excpss, so as to e^ect its de- 
composition as rapidly as possible, and then wash the precij)i- 
tate formed in cold water, and dry spontaneously in a dark 
place. * These precautions kre- rendered- necessafy by the ten- 
dency of the prptQxide to^ resolve itself into , the peroxide and 
metallic mercury, a change which is easily effected -by heat, by 
the dii'ect «olar rays, and even by dayiight. It is- on this 
account very difficult to procure protoxide of mercury in a 
state of absolute purity. • * ' 

This oxide is a black powder, and is insoluble in Water,, but 
unites With the acids as a weak alkaline base. 

7W. Peroande of Mercury.— This oxide may be formed either 
by the combined agency of iTeat and air, as already mentioned, 
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or by dissolving mercury in nitric .acid, and exposing- the 
nitrate so form^ to a temperature just sufficient for expelling 
the whole of the uitrtc acjd. • U is commonly known by the 
name of red predpituie, T^he peroxide prepared from the 
nitrate almost always contains a trace of nitric a(»d, which may 
be detected by heating it in a clean glass tube by means of a 
spirit-lamp: a yeUow ring, formed of subnitrate of oxide of 
mercury, collects witbin tne tube jUst above the part which is 
heated. ' . \ , . 

Peroxide of mercury, thus prepared; is commonly in the form 
of shining crystaline scales, of a nearly black color while hot, 
but red when cold; when very finely levigated, the peroxide 
has ah orange colpr. It is soluble to a small extent in water, 
forming a solution which has an acrid metallic l&ste, and com- 
municates; a green color (294 N.) to theblue infusion of violets. 
When heatecj, to redness, it is converted into metallic mercury 
and oxygen. Long exposure to light Has a similar effect. 

This compound is extensively used in medicine. 

M.B flCURYAJfD CHLORINE. ,' 

There are two ^eomponnds of mercury and chlorine, corre- 
Bponding in composition to the two oxides, both of which are 
well known. Their relative composition is shown by the fol- 
lowing table: 

Mercury, CJdorine, Equit>. Symbols, 

Protochloride 1 eq. + 1 eq. . . . . 237.42 . . HgCl 

Kchloride . . i ,.l eq. + 2eq 27284. .BgCl,, 

760. Protochloride Q/itfcrct^ry.^—Protochloride of mercury^, or 
calomety is ajways generated when chlorine comes in contact 
with mercury at common temperatures ; and also by the con- 
tact of metallid mercury and the bichloride. It may be made 
by precipitation, by "mixing nitrate of protoxide of mercury in 
solution with hydrochloric acid, or any soluble chloride, as 
comipon salt ; or by subliming from a mixture of metallic mer- 
cury and the bichloride. . , - , 

Protochloride of mercury is a rare mineral jjroduction, called 
horn quicksilver, which occurs crystalized in quadrangular 
prisms, terminated by pyramids^ -^ When obtained by sublima- 
tion it is in semi-transparent crystaline cakes; but as formed 
by precipitation, it is a white powder. At a. heat short of red- 
ness, but higher than the subliming point of the^ bichloride, it 
rises in vapor without previous fusion ; but dujing the subli- 
mation a portion is always resolved into mercury and the 
bichloride. It is yellow while warm, but/ recovers its white- 
ness on cooling. Its specific gravity is about 72. It is distin- 
guished from the bichloride by not being -poisonous,' by having 
no taste, and by being exceedingly insoluble m water. Acids ^ 
have little effect upon it ; but pure alkaHes decompose it, sepa- ' 
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rating the black protoxide of mercury. The us6 of this com- 
pound in medicine is well known.* ^ " 

761; Bichloride of Mercury. — Whea mercury is heated in 
chlorine gas it takes fire, ^nd burns with , a pale red flame, 
forming the well-known" medicinal preparatioh.. and virulent 
poison, corrosive subUmatey or bichloride of mercury. It is pre- 
pared for medical purposes by subHming a mixture of bisul- 
pjiate of the peroxide of niereury with chloride of sodium: 
The two substances, perfectly dry, should be intimately 
mixed, to insure no waste, in the exact proportion of ~one 
equivalent of the bisulphate to two equivalents of the chloride 
of sodium. 

The chemical changes that take place during the process 
will be seen by the following formulae : HgO*, 2S03+2NaCl=^ 
Hg, 2Cl-f 2N£(0, SO3. The chlorine of^ the chloride of sodium 
IS transferred to the mercur]^ and the sulphuric aeid of sulphate 
of mercury to th6 soda. The bichloride of mercury thus forrned 
is sublimed, while the ^ulphst^ bfsqda, being fixed, remfiins in 
the retort. " . • 

762. Bichloride "of mercury, when obtailied' by sublimation, 
is a semi-transparent colorless ^substance,' of ^ cr3rsta1ihe tex- 
ture. It has tfn acrid, burning taste,' and leaves a nauseous 
metallic flavor on the tongue. Its specific gravity is 5.2. When 
exposed to a heat of 509^; it is fused, enters into ebullition from 
the rapid fbrmatiori of vapor at 563^, and isNdeposited withopt 
further change on cool surfaces as a. white crystaline sublimate. 
It requires twenty times its weight pf cold, and only twice its 
weight of boiling water for solution^ and is deposited from the 
latter, as it cools^ in the fbrm of prismatic crystals. Strong 
alcohol and ether dissolve it in the same proportion as boiling 
water ; and it is soluble in half its -weight of concentrated hydro- 
chloric acid at the temperature of 70^. With -the chloridfes of 
potassium and sodium, hydrochlor^te of ammonia, and several 
other bases, it enters into combination, forming. double salts, 
which are more soluble than t-ne chloride itself. Wh^n its so- 
lution in water is agitated With ether, the latter abstracts the 
bichloride, and rises with it to the surface oftje former, thus 
aflfprding strong evidence of the bichloride having existed- as 
such in the water. It^" aqueous solutioa is gradually-decom- 
posed by light, calomel being' deposited. '- .^ 

Prom its watery solution the alkalies precipitate the per- 
oxide ; that produced by Jinae-water, being of a yellow color, 
is called in medicine yeUoy) Wash, 
* . 762[. This substance, as its name indicates, is highly corrosive 

• The variety of names/by which this substance- has been known is a little 
tmusing. The following are some of them •.-"mereurius dulciSf draco miti- 
gatuSf sublimqtum dulcet' a^uila dlba, aquila mitigata^ manna metaUorum; 
panehymogogum minerale} panchymog(^u8^quercetanu$ ! 

26* ' 
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. inits action upon the animl system, .even when appHed exter> 
nally. Taken internally,* in sufficient quantities, it acts vio* 
lently. upon the throat, stomach, and intestines, producing in- 
flammation and all its consequences^ as 'vomiting, dysentery, 
&c. After death more- or less corrosion is generally found to 
have, taken place in those parts' with which the. poison has 
come in contact. Its actionals scarcely less certain and de- 
structive .than that of arsenious acid', and it has therefore often 
been used as a means of death by the evil-deskning ! It therje- 
fi)re becomes an o^DJect of some importance to oq able to detect 
its presence, when it is mixed wit£^ other substances. 

764. The presence of mercury in a^fiuid supposed to contain 
corrosive sublimate, may be detected by- concentrating and 
dlge^ingit with an excess of pure pptassa. Oxide of mercury, 
which subsides, is then sublimed in. a smail glass ttibe. by 
means of a spirit-lamp, and obtained in the form of metallio 
globules. But in cases of poisoning, when the bichloride is 
mixed with organic substances, Christison recommends Ihat 
the liquid, without previous filtration, be agitated with a fourth 
of its volume of ether, which separates 'the poison irom the 
aqueous partv s^d rises to. the surfac^. The ethereal solution 
is then evaporated on a watch-^lass, the residue dissolved in 

. hot water, and the mercury precipitated in4he metallic state by 
protoehloride of tin at a boiling temperature, if, as is probable, 

. most of' the poison is already converted into calomel, and 
thereby rendered insoluble,, as many vegetable fibres should 
be picked ou^ as possible, and the whole at once .digested with 
protqchloride of tin. The organic substances >are then dis- 
solved in a hot solution of caustic potassa, and the insoluble 
parts washed and sublimed to separate th^ mercury.. 

A very elegant method of detecting the presence of mercury 
is to place a drop Qf the suspected liquid on polished gold, and 
to touch the moistened surface with a piece of iron wire or 
the point of a penknife, when the part touched instantly becomes 
white, owing to the formation of an amalgam of gold. 

As further tests for this substance, it may be remarked that 
sulphuretted hydrogen gives with it in a state or solution a 
black precipitate, solution of nitrate of silver a white, and 
iodide of potassium a pale scarlet precipitate. 

765. Many animal and vegetable solutions convert bichloride 
of mercury into calomel,^ a portion of hydrochloric acid being 
set free at the same time. Some substances effect this change 
slowly ; while others, and especially albufnen, produce it in an 
Instant. Thus,, when a solution of corrosive sublimate is mixed 
with albumen, a white flocculent precipitate subsides, which 
Orfila has shown to be a compound of calomel and aH)umen, 
an(J which he has proved experimentally to be inert. Conse- 
quently a solution of the white of an egg is aA antidote to 
poisoning by corrosive sublimate; The muscular and mem- 
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branous parts, even of a livinganimal, prbduc^'a similar effect; 
and the causticity pF corrosive sublimate &eepa» owing to the 
. destruction of the animal £bre. by which the decomposition 
of the bichloride is accompanied, and which eonstituteid an 
essential part of the*chemical change. . > 

766. Calomel and corrosive sublimate may always- be distin- 
guished from each other, by dropping, on a small quantity of 
the dry powder a little solution of anin^onia pr other alkali, by 
which'calomel is instahtlyturned black, but corrosive sublimate 
is unaffected In solution they may be distinguished by the 
same means. 

MISHCURT AND. SULPHUR. 

' Mercury and sulphiircoopLbiiie ii;L two properties, forming the 
proto and bisulphurets, ' ^ 

> . Mirdury.' S^lphur, * . Eguiv, Symhah* 

" Protosulphuret..,'. . ..w^...l eq. -f 1 eg.. .^2181. ..HgS 
. Bisulphuret ►.^ . . . . • ; 1 eq* 4: ^ eq. , . .-234.2. . .PgSj, 

767. Protoaulphuret of Mercury possesses little interest It 
is of a black color, and may be formed by transmitting a cur- 
rent of hydrosulphuric acid through a dilute solution of the 
protonitrate of merc\iry. It has been called ^Aio^^ mineral. 

768. Bisulphuret of Mercury » r— This- compound, as before 
remarked, occurs native, and constitutes the most abundant 
ore of mercury, and is kno\^n by the name of cinnabar. It 
may also be formed artificially, by fusing, sulphur with about 
six times its weight of mercury, and subliming in close vessels. 
When procured by this pwrocess it has a red color, and is known 
by the name of faclitioua cinnabar. Its tint is greatly improved 
by being reduced to powder, in. which state it forms the beau- 
tiful pigment vermilion. It may be obtained in the moist way 
by pouring a solution of corrosive sublimate into an excess of 
hydrosulphate of ^mmonia. ~ A blac)£ ~ precipi^te subsides, 
which acquires the usual red color of cinnabar when sublimed^ 
Other methods of forming it need not here b,e detailed. 

Cinnabar is not attacked by alkalies, or any simple acid ; 'but 
it is dissolved by the nitrp-hydrochloric, witkformation of sul- 
phuric acid and peroxide of mercury. 

7G9. Iodid€8 of Mercury,. — Iodine- fb>ms with mercury-' a protiodide, 
seaqtiiodide, and biniodide of mercury, the last of *which . only will be de- 
scribed. 

77G^ Biniodide of Mercury may be formed by mixing a aolation of per- 
nitrate or bichloride of mercary, \$rith solution of iodide xif potaftsium. Jf 
either of the substances is in .excess, the beautifuh red biniodide that is 
formed is immediately redissolyed, and of course disa^ppears. , 

The biniodide, when exposed 'to a moderate heat, gradually becomes 
yellow ; and the particles, though previously in powder, acquire a crys. 
taline appearance. At about 400^ i( forms a yellow liquid which slowly 
sublimes in smalt transparent scales, or in large rhombic tables, when a 
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considerable qaantity is floblimed. The crygtals retain their yellow color 
at' 60°, if kept very tranquil ; but if the temperature be below a certain 
point, or they are rubbed or touched, they quickly becQine red. This phe- 
nomenon b entirely due io a change in moleeular arrangement; the 6i€. 
ferent colors so oflen witnessed in ^e same substances al different .temper- 
atures, as in peroxide of mercury and' the protoxides of lead and zinc, 
appear to be phenomena of the same nature. 

This compouhd has been used by painters aa a substitute for yermilion, 
but its color,, it is said, is less permanent. 

The bromides, phosphuets, fl^oridea,* &;c.,'of mercury,. are not here 
described. < 



SILVER. 
Symbol Ag-; Equivalent 108. 

IJi, This, metal was known to the a]>cients. -It frequently 
occurs native in silver mines, both massive and In octohedral 
or cubic. crystals. It is also found in combination with gold, 
tellurium, antimony^ copper, arsenic, and sulphur. In the state 
of sulphur-et it so H*e4uently accompanies galena* that the lead 
of commerce is rarely quite free from traces of silver. 

Nearly all the silver obtained from the mines at the: present 
time is found native or is extracted from the sulphuret, but, 
according to Thompson, there are no less than seventeen spe- 
cies of silver ores. 

Silver is-e^ftracted from its ores by two processes, which are 
essentially distinct: one of them being contrived to separate it 
from lead ; the other, the process by amaJgamaticmt being espe* 
cialfy adapted to those ores which" are free from lead. 

In the process first mentioned, the ore of silver being tritu- 
rate with mercury, the two metals combine, formihg an amal- 
gam, which is easily jseparated from other impurities. The 
mercury is afterwards expelled by heat.- 

*The principle of its separation from lead is founded on the 
different bxydability of lead and silver, and on the ready fusi- 
bility of litharge. The lead obtained .from those kinds of 
galena -Which are rich in^sulphuret of silver is kept at a red 
heat in a flat ftrrnace, with a draught of air constantly playing 
on its surface : the lead is thus rapidly oxydized ; and as the 
oxide, at the moment of its fbrmation, is fused^ and runs off 
through an aperture in the side of. the furnace, the production 
of litharge "goes on uninterruptedly, until all the lead is re- 
moved. The button of silver is again fused .in a smaller fur- 
nace, resting on a porqus earthen dish, made with lixiviated 
wood-ashes, called atest or cupel, the porosity of which is so 
great, that it absorbs any remaining portions of litharge Which 
may be formed On the silver. 

772. Silver has the clearest white color of all the metals, and 
is susceptible of receiving a lustre surpassed only by polished' 
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steel. ' In malleability and. ductility it is inferior only to gold, 
and its tenacity is considerable. . 

It may be drawn out into a wire so fine that 400 feet will be 
ret[uired to weigh a single grain. 

It is very soft v^hen pure, so that it may be cut with a knife. 
Its density, after being hammered, is 10.51. At a fail red heat^ 
corresponding to 16739, it inters intp fusion..' 

Pure silver does not ru§.t by exposure to air and moisture. 
Wh^n fused in open vessels it absorbs oxygen in considerable 
quantity, amounting sometimes to 22 times its volume ; but it 
parts with the whole of it in t^e act of becoming solid. 

This absorption,^ and consequent evolution of oxygen, is 
much the most abundant in the purest silver, and is entirely 
prevented by the presence of a very small per centage of cop- 
per. When pure silver is melted^ a portion is often lost 
during-the cooling by the spirting produced by the escape, of 
the oxygen. . * ^ 

The only pure acids that act on silver are the sulphuric and 
nitric acids, by both of which "it is oxydized, forming, with the 
first a sulphate, and with thie secoi^ a nitrate of oxide (^silver. 
It is not attacked by sulphuric acid, unless aided by heat 
Nitric acid is its only proper solvent. 

773. Silver Ms used in every country for many important 
piSi'poses — for coin and for manufacture into various articles of 
utility or ornament. 

Silver coin is always alloyed with copper to increase its 
hardness, and render it less liable to be worn by use. In Great 
Britain, it is said, standard silver is composed of silver 11 parts, 
and copper 1 part; in the United. States and France, of silver 
9 J parts, .and copper 1 part nearly. 

Utensils and ornaments of silver -are usually made of stand- 
ard silver, and are ^hioned by- hammering, as silver does not 
cast well. Articles df irregular or complex form are m^de in 
sevefal pieces, which are edterwards soldered together, and 
the beautiful appearance of fipe^ silver is given to the whole 
surface b^ boiling th& articles a few minutes in a very .dilute 
sulphuric acid, which dissolves out the copper and leaves the 
silver of a dead white, ahdi-eady for the burnisher. 

When silver is exposed to the air it gradually tarnishes, 
which is due not to the formation of an oxide but a sulphutet, 
the air always containing traces of hydrosulphuric acid derived 
from organic bodies. This gas is also produced during the 
combustion of mineral coal; and portions of it are always 
-escaping from the stoves or furnaces in which it is consumed 
into the apartments where articka of silver are. kept 

ALLOTS OP SILYBR. 

774. Silver is capable of uniting with most other metals, and 
suffers greatly in nialleability and ductility by tfaejr presence 
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It may contain a large quantity of copper without losing its 

white coloc. . ^ \ 

An amalgam of silver occurs as a mineral productioh. " 
An alloy of silver and br^ss is used as a scolder for silver. 

' . SILVER AITD OXY-GEN,..- 

There is not a perfect agreement among chemist^' with re- 
gard to the compounds of silver and oxygen, but there seems 
to be but one well determined — ^the protoxide. 

Silver. Oxygen^ Squiv. . SynM. 

Protoiide A eq. + 1 eq 116 AgO 

775. Pretoande of Silver,^-Thi8 compouncj is best procured, 
by mixing a solution of pure baryta wfth nitrate of oxide of 
silver dissoFved in water. • It is of a- brown color, insoluble ih 
water, and is completely reduced by'a red heat 

^Silver Is. separated. from its solution in nitric acid by pure 
alkalies and alkaline earths, as the brown oxide, which is redis- 
solved by amfn'onia' in excess ; by ^Ikaline carbonates as a 
white carbonate, which is soluble in 'an excess of xiarbonate of 
ammonia; as a dark brown sulphuret by bydrosulphuric acid; 
and as a white curdy chloride of silver, which is turned viplet 
by light "and is very soluble 'in atnmonla, by hydrochloric acid 
or any soluble chloride. "By the last character, silver may be^ 
both distinguished and separated from other metallic bodies. 

Silver is precipitated in the - metallic state by most other 
metals. When mercury is employed for this purpose, the silver 
assumes a beautiful arborescent apj^earanee, called arbor 
Dian<B. A very good proportion for the experiment is twenty 
grains of lunar caustic to six drachms or an ounce of water. 
The silver thus deposited always contains mercury. 

When oxide of silver, recently precipitated by baryta or 
liine water, and separated' from adhering moisture by bibulous 
paper, is left in contact for ten or tlvelve hours with a strong, 
sokition'bf ammonia, the greater part of it is dissolved ; but a 
black powder remains which detonates violently from heat or 
percussion. This substance appears, to be a compound of am- 
monia a,nd oxide of silver ; for the products of its detbnation 
are metallic silver, water, and nitrogen ga^. It should be made 
in very small quantity at a time, and dried ^spontaneously in 
the air. ... 

S.ILVEB AND CHLORINE. 

There is but a single compound of silver and chlorine, which is compoaed* 
as follows I ^ ' 

SUveK Chlorine, E^iv, Symbol. 

Chloride -. «- ; . . . .1 eq. -f 1 eq«. . . . 143.42. . . . AgQl. 

776. Chloride of Siher^—Thw compound is sometimes fcond natiTe, and 
is called horn oUper^ It is ^always generated when silver is heated la M^ 
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rinegaA,.<und may be prepared convenientljr by mixing hydrochloric acid- or 
any solable chloride,'With a solation of nitrate of oxide of silver. Aa.ibrm«d 
by precipitation it is quiie white; but by exposure to the direct solar rays 
it becomes violet, and. almost black in the course of a few minutes; and a 
similar effect is slowly produced by disused daylig^ht 

It is insoluble in water, and only sparingly soljible in the strongest acids, 
bat dissolves jeadtly in ammonia and hyposulpburous acid. . ^ \ 

At a temperature of about 500^ it' fuseff, and forms a' semi-transparent,' 
horny mass on cooling, which has a density t>f 5.52. It bears any degree 
of heat. Of even 'the combined action of -pure charcoal' and heat^ withoiit 
decomposition; 'hut hydrogen* gas. decomposer it readily with formatiim ^ 
hydrochloric acid. . . < . 

For the full change of color to take place, the presence of organic matter 
appears to be necessary. Thd relatiotis ofthis s.ubstance to light are of the 
highest importance in photography (155), in which branch of science it 
serves a very important purpose. - ^ 

Sulphuret cf Silver oQ^ occurs native (771 )f and is called silper glance 
by mineralogists. There is considerable affinity between the tvfo suh* 
sbmceSf.and they may be made to combine by heating thin, plates of silver 
with alternate layers' of sulphur. The tarnish that forms upon articles of 
silver by use, is generally a sulphuret (773) of the met^. . ~ 

Silver forms compounds also with iodine, bromine, ab4 phosphorus. 



GOLD. 

Symbol Au^ Equivalent 199«2.. 

777. GrOLb appears to have been known to the earliest races 
of men, and to- have been esteemed by them as much as by the 
moderns. It h£is hitherto been found only in the metallic state, 
either pure or in combination with other metals. It occurs 
massive, capillary, in grains, and crystalizes' in ckstohedrons 
and cubes, or their allied forms. It is sometimes found in pri- 
mary mountains, but more frequently in alluvial depositions, 
especially among sand in the beds of rivers, having been 
washed by water .out of disintegrated rocks \n which it origin 
nally existed. * ' . 

It occurs in almost every country, but most of it is obtained 
from the mines of South -America, Hungary, and the Uralian 
mountains. It is also found in several of the United States, 
particularly in North Carolina, Virginia^ and Georgia. 

As gold exists in its ores in the metallic state, it is generally 
separated from them by the. process of amalgamation, similar 
to that already described, for obtaining silver (771), by which 
means it is separated' from all other metals except silver. To 
remove this so touch silver must be added that the gold shall 
constitute but a fourth of the whole, and the mass immersed in 
nitric acid, which then readily acts upon it, dissolving out all 
the silver, and leaving th^ gold in a s|ate of purity* 
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This process has been called qttartcaion. It may also be sepa- 
rated from other metals, except silver, by cupeliation (771). 
' Gold is the only metar which has a yellow color, a character 
by which it is distinguished fi*om all other simple metallic bo- 
dies. It is capable of receiving aliigh lustre by polishing, but 
is inferior in brilliancy to steel, silver, and mercury. In duc- 
tility and malleability it exceeds all other metals ; but it is' sur- 
passed by several in tenacity. 

It may be beaten out into leaves so thin^ that one grain of 
gold will cover 5Gj square inches of surface.. Th^se leaves are 
only vriimr ^^ ^^ ^^^ ^^ thickness, but the gold leaf with which 
silver wire is covered is only ^ as thick. One ounce of gold 
upon ^Iver w^ire is capable of being extended more than 1 300 
miles- in length! 

The density of gold is 19.26, but by being hammered it is 
increased. When pure, it is very soft and flexible, and fuses 
at about 2016°; 

778. Gold and silver have long been. known as the "precious 
petals;'' and their purity has heen estimated in ciarats. A 
carat is jV^h pari of the mass ; and to say the metal is twenty- 
three cai^ats fine, is to say that it contains f J parts of. pure 
metal, the rest being alloy. In England, standard gold is 22 
carats fine, that is, it is composed of 11 parts of pure gold and 
one part alloy, which may be either copper or a mixture of 
equal parts of copper and silver.* 

Standard gold in this country'differs but little from that oC 
England. ^ / ^ 

Besides its use for coin, gold is employed in the manufacture 
of a great many articles, which are. chiefly ornamental. In the 
United States both gold and sHver coin' are melted down for 
use in the arts; but in England,. and some other countries, this 
isforbidden by law; 

Gold may be exposed for ages to air and moisture without 
change, nor is it oxydized by being kept in a state of fusion in 
open vessels. When intensely ignited by means of electricity, 
or the oxy-hydrogen blowpipe, it ^burns with a greenish-blue 
flame, and is dissipated in the form of a purple powder, which 
is supposed to be an oxide* 

Gold is not oxydized or dissolved by any of the pure acids ; 
for it may bfe boiled even in nitric acid without underffoing any 
change. Its best i^olvents are chlorine and nitro-hydrochloric 
acid ; and'it appears from the observations of Davy that chlo- 

* It is said that a few years ago a considerable business was carried on in 
Paris, by importing British sovereijgns and extracting the silver by a pecu- 
liar and cheap process, and supplying its place with. an equal weight of cop- 
per. It was then, in ingots, sent back to England, where, being still 22 
carats fine, it was worth just as m^ch as before ! Much of it was .again 
reooined into sovereigns, which may be known by their deeper color. — (/a- 
eobs* " Historical Inquiry'* arneeming tkepreciou$ fiutah,) 
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rineis the agent in both- cases, since nitrohydrochloric acid 
does l^ot dissolve gold, except when it- gives rise to the forma- 
tion of chlorine. It is inferred, therdbre, that the. chlorine 
unites directly with the gold. It is also readily attacked by 
fluorine. 

Th& most convenient method of dissolving it, is to digest 
fragments of the metal in a mixture composed of two measures 
of hydrochloric and one^ of nitric acid, until the acid is satu- 
rated. The excess of acid is then expelled by evaporating the 
orangp-colored solution until a ruby-red liquid femi^ins, which 
is the neutral terchloride of gold.' On adding water, the chlo- 
. ride is dissolved) forming ei ^solution of a gold-yellow color. 

A L L Y S P G L D . . ; ■ 

779. Some of the alloys of gold have already been alluded to 
as being used in coinage, and in the artS; 

The presence of other metals in' gold has a remarkable effect 
in impairing ite malleability and ductility^ The metals which 
possess this property in the greatest degree are bismuth, lead, 
antimony, and arsenic!. Thus, when gold is alloyed with j^^ 
part of its weight of lead, its malleability is surprisingly dip)in- 
ished. A very small portion of copper ha» an influence over 
the color of gold, communicating to it a re!d tint, which becomes 
deeper as the quantity of copper increases. Pure gold, being 
too soft for coinage and many purposes in the arts, is always 
alloyed either with copper or an alloy of copper and silyer, 
which increases the hardness of the gold without materiaUy 
affecting its £olor or tenacity. 

Nearly all the gold found in nature is alloyed more or less 
with silver. In a late elaborate investigation into the constitu- 
ents of the Uralian ores of gold, d. Rose found one specimen 
with 0.16 per cent, of silver, and another with 38.38 per cent. ; 
but most of the specimens contained 8 or 9 per cent, of silver. 
It has been maintained that the oative alloys of gold and silver 
are usually in atomic propor^on, but this has been disproved ; 
and being isomorphous (^) it is to be expedited that like other 
isomorphous bodies, these metals will be found crystalized with 
each other in proportions altogether indefinite. 
. Grold unites with remarkable facility with mercury, forming 
a white colored compound. An amalgam composed of one 
part of gold and eight of mercury is employed in gilding brass. 
The brass, after being rubbed with nitrate of oxide of mercury, 
in order to give it a thin film of quicksilver, is covered with the 
amalgam oTgold, and then exposed to heat for the purpose of 
expelling the mercury. 

GOLD AND OXYGEN. 

Gold forms with oxygen three compounds, as exhibited in 
the following table : 

.27 ' ♦ 
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. ^ Gold, Oxygen, Eouiv, Symbola . 

Protoxide I eq. + 1 eq 207.2. . . AuO • 

Binoxide 1 eq. -f 2 eq. .. . .215.2. . . AuOj, 

Teroxide I eq. + 5 eq — .223.2. . . AuO^ 

The protoande and binoxide of go]d possess little interest ; 
indeed the existence of the latter is doubted by many* 

780. Teroxide oj G'o/d,— This, ^he only -well-known oxide of 
gold, is prepared by the action of alkalies on the terehloride, 
bu^ is obtained quite pure with difficulty: Pelletier recom- 
mends that it should be formed by digesting a solution of the 
tvrchloride with pure magnesia, washing the precipitate with 
water, and removing the excess of magnesia by dilate nitric acid. 
It is apt, however,. to. retain magnesia; and other more compli- 
cated processes are resorted to when it is desired to obtain 
it in great purity. 

Teroxide of gold is yellow in the state Of hydrate, and nearly 
black wh.en anhydrous, is insoluble in water, and completely 
(Jecomposed by solar light or a red heat Hydrochloric acid 
dissolve^ it readily, yielding the common solution of gold; 
but it forms no definite conlpound with any acid which con- 
tains oxygen. . It may indeed be dissolved by nitric and sul- 
phuric acids; but the affinity is so slight, that the oxide is 
precipitated by the addition of water. It combines, on the 
contrary, with alkaline leases, such as potassa and baryta, appa- 
rently forming regular-salts, in which it acts the part of a weak 
acid. It has been proposed, therefore, to call it auric acid. 

781. When recently precipitated peroxide of gold is kept in 
strong ammonia for about a day, a detonating compound of a 
deep olive color is- generated > analogous to the fulminating 
silver described above (775). According to the analysis of 
Dumas, its elements are in the ratio of one equivalent of gold, 
two of nitrogen; six of hydrogen, and three of oxygen, as ex- 
pressed by the symbols Au, N,, He, Oar Its detonation should 
give rise to metallic gold^ water, nitrogen, and ammonia. A 
similar compo(ind is obtained, and ^this is the ordinary mode 
of procuring fulmins^ing jB^old, by- digesting terchloride of gold 
with an excess of ammonia; a yellow precipitate subsides, the 
fulminating ingredient of which appears identical with that 
above described. . 

This oxide is used in coloring porcelain purple, and in the 
preparation of artificial mineral teeth to imitate the color of the 
gums. 

GOLD AND CHLORFNE. 

But two compounds of gold and. chlorine are known, the 
protochloride and the terchloride, and even these seem not to 
be perfectly understood. 

Gold, Chlorine. Equiv. SymboU. 

. Protochloride . . 1 eq, -f 1 eq 234.6. . . AuCl 

Terchloride; ;......! eq. + 3 eq 305.4... AuCI, 
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I 782. ' Chlorides of Gold. — On concentrating the solution of 

gold to a sufficient extent by evaporation, the terehloride fiiay 
bd obtained in ruby-red prismatic crystals, which are very 
fusible. It deliquesces on exposure to the air, and is dissolved 
' readily by w'ater without residue. It is also soluble in alcohol 
and ether I and the latter withdraws it from the aqueous solu- 
tion. It begins to lose chlorine at about 400^, and at 600^ the 
, erchloride is completely resolved into the yellow insoluble pro- 

r tocbloride. At a red heat the chlorine is~ entirely expelled, and 

' metallic gold remains. 

Solution of the terchlodde of gold is very easily decomposed 
by various substances, as sulphate of the protoxide of iron, 
sulphurous and phosphorous acids, and most of the metals. 

When a piece of. charcoal is immersed in a solution of gold 
and exposed ' to thie direct solar rays, its ^surface aoquires a 
coatmg of metallic gold, and ribands may be gildefd :by moist- 
ening them with a dilute solution of gold, and exposing them , 
to a current of hydrogen or pnosphiiretted hydrogen' ga^."-" 

Sulphuric ether does not act directly upon gold, but when a 
strong aqueous solution of the terehloride of gold is. shaken 
in a vial with an equal volume of pure ether, two fluids result, 
the li^*hter of which is an ethereal* solution of gold. From this 
liquiOaki^ of metal are' deposited oh standing, especially by 
exposure to light, a,nd substances moistened with it receive a 
coating of metallic gold. . 

This method of gilding is adopted to some extent in the 
arts, but to insure success several precautions niiist be observed* 
Tbe solution should be very strong and contain no free acid. 
After the acid is saturated with gold, the solution should be evapo- 
rated to perfect dryness, and again dissolved in distilled water. 

783. When protochloride of tin i; added to a dilute aqueous 
solution of gold, a purple-colored precipitate, called the ptirple 
of Cassius, is thrown down ; and the same substance may be 
prepared by fusing together 150 parts of silve'r, 20 of gold, and 
35.1 of tin, and acting on the alloy with nitric acid, which dis- 
solves out the silver and leaves a purple residue, containing 
the tin and gold^which were employed.' To prevenjt the oxy- 
dation of the tin during fusion, the three metals should be pro- 
f Jected into a red-hot Wack-lead crucible, which contains a little 

nfelted borax'. "When the powder of Cassius is fased with 
vitreous substances, such as flint-glass, or a. mixture of Sand 
and borax, it forms with them a purple enamel, which is em- 
ployed in giving piiik colors to porcelain. 

.The chemical nature of the purple of Cassius is very obscure, 
but it is probably a compound of the oxide of tin and, the pur- 
pie oxide of gold, in which one' of the oxides acts the part of an 
acid, and the other as a baser 

Gold may also be made to combine with bromine, iodlQe, sul- 
phur, and phosphorus. 
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PLATIKVM. 

Symbol Ft; Equwalent dS.Si, 

784. PLATimTM, unlike gold, was entirely unknown in the 
world, as a distinct metal^ until the year 1741, when some of it 
was sent to Europe from Jamaica, by Mr. Wood ; . but no 
description of it appeared till 1749." 

This valuable metal occurs only in the metallic state, associ- 
ated or combined with various other metals, such as copper, 
iron, lead, titanium, chromium, gold, silver, palladium, rhodium, 
osmium, and iridium. It has hitherto been. found chiefly in 
Brazil, Peru, and^other parts of South America, in the form of 
rounded gr flattened grains of a metallic lustre and white color, 
mitred with sand and other s^uvial depositions. In 1826, it was 
discovered in a sienitic roek, in South America, associated with* 
gold. Rich mine^ of gold and platinum h^ve been discovered 
in the Uralian mountains. 

The process. for ^reducing crude platinum to ingots of the 
pure ihalleable metal, was brought to perfection by WoUaston, 
an account of which was published in the Philosophical Trans- 
actions for 1829; It consists in dissolving the crude metal in 
nitro-hydrochloric acid, precipitating v^ith a solution of hydro- 
chlorate of ammonia, and subjectmg the fine powder' thus 
obtained to violent pressure in a brass tube. By this means 
the metal, in a state of minute division, is firmly compressed 
together; ajnd by heating to the highest temperature of a 
smith's forge, and carefully hammering, it is perfectly closed, 
all the parts being effectually welded together. Several pre- 
cautions are to be observed in diff*erent parts of the process, 
which it is not necessary here to detail. 

785. Pure platinum has a white color, very much lik^ silver, 
but of inferior lustre, It is the heaviest of known metals, its 
density idler fbrglng being about 21.25, and 21.5 in the state of 
wire. Its ifialleabllity is considerable^ though far less than 
that of gold and silver. It may be drawn, into wires, the diame- 
ter of which does not exceed the 2000th part of an inch. It is 
a soft metal, and like iron admits of being welded (664) at a 
high temperature. It is a less perfect conductor of heat than 
several other metals. ^ -: . , 

Platinum undergoes^ no change from the combined agency 
of air and moisture; and it may be exposed to the strongest 
heat of a smith's forge, without suffering either qxydation or 
fusion. ■ On heating a small wii'e of it by ineans of galvanism 
or the oxy-hydrogeQ blowpipe (S84), it is fused, and afterwards 
burns with the emission of sparks. 

It may be oxydized by heating it with nitrate of potassa, or 
with pure potassa or lithia. None of the pure acids attack it, 
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but it is dissolved in the XLitro-bydfochloric ^cid, but lidt so . 
readily as gold. 

786. When platinum is precipitated from its solution in nitro- 
hydrochloric acid by hydxochlorate of ammonia^ and heated to 
redness, it is left in a nfiinntely divided state, which has been 
called spongy platinum. This substance possesses the remark- 
able property of inflaming a mixture of oxygen and hydrogen^ 
even when perfectly cold (382). The effect is the same if a jet 
of hydrogen in the air is made to fall upon the spongy metal. 
It has been more recently discovered that asbestos and char- 
coa]; which have been soaked in the platinum solution, and 
after war(^ dried and iffmted» possess the same property. Pia- 
ttnum, in the compact form of wire or foil, Is also found capa- 
ble of causing ^lip union of tl^ese gases, provided the suriace ig 
perfectly clean. 

Platinum is eni|)loyed in the manufacture of many indispensa- 
ble articles for the laboratory of the chemist, and in the arts. 
Retorts for concentrating sulphuhc acid are^ made of it, not- 
withstanding its great expense, which is^neraHy^ix.or sevea 
times that of ^ver. - Tiie Russian govermneni soma years:ago 
issued a coinage of it, but were subsequently obliged to recall 
it, in consequence of the rapid diminution of its value that took 
place, occasioned by the abundant supply of the metal in the 
market. Dr. Hare has recently introduced some improvements 
in-^the working of this metal, by inventing a method of melting 
Targe masses of it, by means of his compound blowpipe, ai 
berore stated. . - -■ - ■ - ^ 

Platmum is capable of combining with other metal^, forming 
alloys, but little is Isnown of them.' Allusion lias already been 
made (677) to the alWys of platinum with steel 

PLATINUM AND OXYGEN. 

These substances' combine in two proportions, forming a 
protoxide and a peroxide. 

Platinum, Oxygen,- Etntw, Symhola. 

Pjrotoxide 1 eq. + 1 eq.%...lfl8.8 PtO 

Bino;dde 1 eq. + 2 eq 114.8. . . .PtO, 

787. Protoxide of Platinum, — This Oxide is prepared by di- 
gesting protochloridek of platinum in a solution of pui-e potassa, 
avoiding a large excess of the alkali, since it dissolves a portion 
of the oxide^ and thereby acquires a green coloi; In this state 
it is a hydrate, which loses -first its water and then ox^^gen 
when heated, and dissolves slowly in acids, j^ielding solutions 
of a brownish-green tint. . ' 

78S. Binoxide of Platinum.— ^h\s oxide is prepared with^^dif* 

ficulty, owing to its disposition, like ' peroxide of gold (780), to 

act rather as an acid than as an alkaline base, and either to fall 

in combination wjth any alkali by which it is precipitated, or 

87* 
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to remain with it altogether in solution. Berzelius recomi 
mends that it should be prepared by exactiy decomposing sui 
phate of binoxideof piatinum with nitrate of baryta, and adding 
pure soda to the filtered solution, so as to precipitate about 
half of the oxide, since otherwise a sub-salt would subsided 
The oxide falls in the form of a bulky hydrate, of a yellowish- 
brown color: ijt resembles rust of iron when dry, and is nearly 
Mack when rendered anhydrous. 

PLATINUM AND CHLORINE. 

lliera are but two weU-determined compoonda of platinum aod chlorine. 

PUHmmL. CUorime, E^iv,' SymHoU.. 

Pratochloride 1 eq. + 1 eq 134.23. . . .Pta 

Bichloride .1 eq. + 2 6q.. .> . .169.64. . . .Pta, 

789. Protoeldoride of Platinum is formed, by healin|r the bichloride to 
about 450^, by which half its chloriite is expelled. It is insoluble in water ; 
by iieat it is decomposed. • . ' 

790. Bichloride if P2a<tfi|im.— This chloride is obtained by evaporating 
the solution of platinum in nitro^bydrochbric. acid to dryness, at a very 
gentle heat, when it- remains as a red hydrate, -which becomes brown wh^ 
Its water is expelled. . It is deliquescent, and very soluble in water, alcohol, 
and ether ; its solution, if free from the chlorides of palladium and iridium, 
being of a pure yellow color. -Its ethereal solntioli is decomposed by light 
metulic platinum being deposited. 

A solution of platinum is recognized by tl^e following characters. Wfien 
to an alcoholic or concentrated aqueous solution of the bichloride, a solution 
of chloride of potassium is added, a crystaline double chlc^ide of a pale yel- 
low color sulMsides, wl^ch is insoluble in. alcohol, and sparingly soluble in 
water : at a red heat it yields chlorine gas, and the residue consists of me- 
tallic platinum an4 chloride bf potassiufii. With a solution of hydrochlo- 
rate of am^ionia a similar yellow salt fiills, which when ignited leaves pure 
platinum in the form of a ddleate spongy mass, the power of which in 
kindling kn explosive .miicture of oxygen < and hydrogen gases has already 
been mentioned. ' , ' ' ' 

^ Platinum combines also with iodine and sulphur, forming compounds 
imalogous to the oxides i^id chlorides. With .phosphorus it unites in three 
proportions. 



PALLADIUM, RHODIUM, OSMIUM, A/fD iRID4UM. 

'791, Thssb four metals are all contained in the ore of platinum, and have 
hitherto been procured in very small quantity. When the ore is digested 
in nRro-hydroehloric acid,, the platinum, together with palladium, rh<xlium, 
iron, copper, and lead, is dissolved ; while ^i-black powder is left, consisting 
ofiosmium and iridium. 

The two former, palladium and. rhodium, were discovered by Wollaston, 
in 1803, and described by him a year or two afterwards. They are capable 
of uniting with several pf the metals and some non-metallic substances, but 
the student is referred to more extended works for the docriptioHs.of the 
compounds, as well as -of the metals themselves. 
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793. Rhodium, h u said, has lately Iwen us^d for tipping pctiB made ot 
gold, on account of its great hardness and little liabiUty to be corroded by 
Sie action of the ink. 

'793. Oaniium and iridium were discovered by Tennant in the same year, 
1803. They also combine with several of the metals and other sabstances. 
No use, it ife believed, has been made of either of them in the arts. 

Each of these four metals possesses some useful properties, and shoilld' 
they ever be found in sufficient quantity, they will unquestionably be Ynade 
available for important purposes. 

The symbols and equivalents of these metals will be fimnd in the table^ 
pageI3& . . 
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SECTION L 
- GENEBAL REMARKS. 

794. TfiB preceding pages <;ontain the descriptipn either of 
elementary principles, or of compounds immediately resulting 
from the union of those elements. These compounds are bi- 
elementary, that is, arise from the union of two e]ements.(338); 
and their constituents are regarded, according to the electro- 
chemical theory (282) as possessing opposite electric energies, 
and as combined by virtue of such energies ; and the names' 
applied to them are partly constructed (803)- in reference* to 
this theory. Thus in compounds of oxygen and-cblprine, 
chlorine, and iodine, sulphur and potassium, the term -ei^pressiye 
of the genus or class of bodies to which each compound l^longs, 
is derived from the electrorUegative element; so that we do 
not say chloride ' of oxygen, iodide of chlorine, and potassiu? 
ret of sulphur, but -oxide of chlorine, chloride of Jodine, and sul- 
phuret of potassium ; because oxygen hs^ a higher eieetro- 
negative energy than chlorine, chlorine than iodine, and sulphur 
than potassium. T^h^ metals, as a class, are electro-positive to 
the non-metallic elements; but in relation to each other some 
of the metals are electro^ positive, and others electro-negative. 
To th& former belong those metals, the oxides of which are 
strong alkaline bases, such as potafssium, sodiunn and calcium; 
and among the latter are enumerated 'diose, such, as arsenic, 
antimony, and molybdenum, which are i)rone ^o form «cids 
when they unite with.oxygei). 

795. Some of the bitclementary compounds above referred 
to, though composed of very energetic elements, ace themselves 
chemiddly -indifferent, manifesting little disposition to unite 
withany other body whatever; of which the peroxides of 
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manganese and lead, and some of the chlorides, are examples. 
Othfers, on the contrary, are surprisingly energetic in their 
chemical relations, and have an extensive rajoge of affinity. 
The most iremarlcable instances of this are f9und among those 
oxydized bodies called acide and alkalies, the characters of 
which fixed the attention of chemists long before their ^compo- 
sition was understood. The acids and alkalies, however, ure 
indifferent to elementary substances : their affinities are exerted 
towards each other, and by ujoitlng they give rise to compounds 
more complex than themselves, as containing at yeast Ihree 
eJements, and which are knowh by the name of salts. Acids 
and alkalies possess opposite eiectric energies in relation to 
each other, the former being negative, and the latter positive. 
The: electric energies evincecl by them are related to the elec- 
tric energies of their elements. Thus acids generally abound 
in the electro-negative oxygen, and if they contain a metal, it 
is usuaDy an electro-negative metal; whereas the powerful 
alkalies are the protoxides of electro-positive metals. 

79d>, Acids-' and alkalies neutralize each other more or-less 
completely^^so that the resulting jsaJt is generally neither acid 
nor alkaline, and is far less energetic as a chemical agent than 
acids and alkahes. "Most of them,; however, unite in definite 
proportion with certain si^bstances, such as water, alcohol, 
ammonia, and with other ^alts, forming the extensive family 
pf, double saUs^ To .tfiese. compounds the electro-chemical 
theory may be extended: the two simple salts. which constitute 
a'doiiUe salt may be viewed as two molecules united by virtue^ 
of electric energies of an opposite character. 

In the early period of modern chemistry, an acid was con- 
sidered to be an oxydized body which has a €our taste, reddens 
litmus paper; and neutralizes aikalies. But subsequent expe- 
rience has shown the propriety of extending the definition Of 
the term ; and chemists are accustomed to consid^ as acids 
all Jihose compbi^nds which unite with potassa or ammonia, 
and give rise to bodie» similar in their constitution and general 
character to the salts which the sulphuric or some admitted 
acid loxtn^ with tho^e alkalies. 

. 797. So also it is agreed* to place among the alkaline or saU- 
jiaJble bases, all- those bodies which unite definitely with admit- 
ted ackis, such as the sulphuric and nitric, and form With them 
compounds . analogous in constitution to the salts* whic)i 
admitted alkalies form witli the acids. - 

. The progress of chemistry,^which has* produced this change 
of view, as regards the true nature of the acids and alkalies, 
has also caused an extension fri the idea of a salt. The great 
mass of thie salts are compounds of oxydized bodies, both the 
acid and'the base containing oxygen. But ammonia, tliougti 
not an acid, has all th^ characters of alkalinity in ^n eminent 
degree, and its compounds with' the acids have always been 
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admitted into the list of sa]ts» as well as the compounds of the 
hydracids (which of course contain no oxygen] with the aHui- 
line bases. Hence arose the division of the salts as a class 
into two orders, the one containing the oxygen or oxy-salts, 
and the other the hydrogen or hydro-salts. 

798. These orders are still retained, though the notion of a 
salt has been still further extended. Chemists have long known 
that metallic sulphurets occasionally combine together, and 
constitute what is called a double sulphur et. In these com- 
pounds, Berzdius, whose labors have greatly added to their 
number, has traced an exact analogy with the salts, and applied 
to them the mme. of sulphur-adlta. The simple sulphurets, by 
the union, of which a sulphur-salt is formed, axe bi-elementary 
compounds, strictly analogous in their constitution to acids 
and alkaline bases, and which like thejn are capable of assuming 
opposite electric energies in relation to each pther. Electro- 
positive sulphurets; termed sulphur-bases^ are usually the proto- 
sulphurets of electro-positive metals, and» therefore, correspond 
to the alkaline bases of those metals; and the electro-negative 
sulphurets, «u/p^ur-acufo, are the sulphurets of electro-negative 
iQetals, and are proportional in composition, to the acids which 
the same metals form^ with oxygen. Hence, if the -sulphur of a 
sulphur-salt were replaced by an equivalent quantity of oxygen, 
an oxy-salt would' result ' / ■ 

The compounds which Berzelius has enumerated as sulphur* 
acids, are the sulphurets of arsenic, antimony, tungsten; molyb- 
denum, tellurium, tin, and gold. To these he hai^ added the 
sulphurets of several other substancea not metallic, such as 
sulphuret of selenium, bisulphuret of carbon, end hydro^vl" 
phuric acid. These double sulphurets, thus formed, are there- 
fore considered as a third order of saltsi 

799. A fourth order of salts is formed by the union of the 
chlorides, iodides^ bromides, fluorides, &c. As the chlorides of 
the different elementary substances, like the sulphurets, may be 
divided into the two classes of chloro-apid sand chloro-bases, we 
might make a separate order of chloro-salts ; and the same might 
be said of the iodides, bromides, &rC. But as thenumber of these^ 
is comparatively small, they are all brought together in the' 
fourth order of haloid salts, (from oX;, sea^aUy and nJ^, form). 
They receive this nanie from the fact that their electronegative 
and electro-positive elements are analogous in composition to 
common salt. 

We have, therefore!, the following four orders of salts, viz. : 

Order I. — The oxy-salts. This order includes no salt the 
acid or base of Which is not an oxydized body. 

Order II. — The hydro-salts. This order includes no.sait the 
acid or base of which does not contain -hydrogen. 

Order IIL — The sulphur-salts. This order includes no salt* 
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th§J electro-posifive or negative ingredient of which -is not a 
suJphuret. . ' ^ 

' 'Order I V. — The haloid-salts. This order indudes no salt the 
•electro-positive or negative ingredient of which, i9 not hajpidgj. 

The salts are very numerous, but the whole number, cannot 
yet be determined. . . 

800; Nearly all salts are solid at common tem))eratures, and 
most of them ar6 capable of cry stalizing. The color, of salts is 
very variable, having no necessary connection with the tolor 
of their elements. Salts composed of a colorless apid and base, 
afe colorless; hut a salt, though fornjed of a colored oxide or 
acJd, majr be colortess ; or, if colored, the tint may (Dffer from 
that of both of lt$ constituents. " 

All soluble salts are more or less sapi^^ while' those that are 
insoluble in water are insipid. Few salts, are possessed of 
odor: the most remarkable oniefor this property is carbonate 

801. Salts differ rfemafkabty in-their affinity for water. Thus 
soec^e salts, such as the nitrates of lime, and magnesia, are deH- 
queecent^ that is, attract moisture from the.'airj and become 
liquid. Others,^ wliicft have a- less powerful attraction for 
water, undergo. iio <$hange wlien thd^air is.-dry, but -become 
moist in a humid, atmosphei'e; and. others may be exposed 
without change t(^ an atmosphere loaded wUU 'watery vapor, 

802. Salts differ likewise in the degree of solubility in water. 
JBome dissolve in less- than ^heir weight <^ watwrj- while 
others require several hundred times their v.eig^t of this liquid 
for solution, -and othets. are quite insoluble. This difference 
depends an. two circumstafnces, namely, on their affinity for 
water, and -on their cohesion r their solubility being in direct 
ratio with the- first, and in inverse ratio with the second. One 
salt; m^y. hay iB a greater .affinity for water than another, and 
yet be less soluble ; an^ effect "which maybe j^roduced by the 
cohesive power of the salt which has the Wronger attraction for 
water, l?eing greater than that of the*/saJt which has a less 
powerful affinity for that liquid. The method proposed by 
Gay-Lussac for estimating the relative degrees of aflSnity of 
salts for water is by dissolving equal quantities of salts in 
equal quantities of water, and applying heat to the solutions. 
That salt which h&s the greatest affinity for the menstruum 
will retain It With mo'St*^ forcOf and will, therefore, require the 

• highest temperature for boiling. . ' . ' 

803. Salts which are soluble in water cry^talize more or- less 
regularly when their solutions 5re evaporated. If the evapo- 
ration^ is rendered rapid by heat, the salt is usually deposited in 
a confused crystaJine mass; feut if it take place slo.wjy* regular 
Ci'ystars are" fbfmed. The best mode of conducting the pro- 
cess is to dissolv^e a salt in hot water, and wb6n it has become 
quite cold, to pour the saturated solution into an evaporating 
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basin, which is to be set aside for several days or weeks -with- 
out being^ moved. nA.s the water evaporates, the salt a'ssunaes 
the solid form ; and the slower the evaporation, the more regq-. 
lar are thff crystals. Some salts which are much more soluble 
in hot .than in cold wateV, crystalize with considerable regu- 
larity when a boiling saturated solution is slowly cooled. The 
form which salts assume in crystalizing is constant under the 
same circumstances, and constitutes an excellent character by 
which they may be distinguished from one another. 

804. Many salts during the act of crystalizing unite chemi- 
cally with a definite portion bf water, which forms an essential pECft 
of the crystsfl, and is termed water of crystalization (360). The 
quantity of combined water is very variable in different saline 
bodies, but it is, uniform in the same salt A salt may contain 
more thau half its weight of water^and yet be. quite dry. On 
exposing a salt of this kind to heat, it is dissolved, if sofuble, 
in its own water of crystalization, undergoing what is termed 
the watery fusion. By a strong heat, the, whole of the water 
is expelled;, for no salt can retain its water* of crystalization 
when heated to redness.. Some salts, such as sulphate and 
phosphate of soda, lose a portion of their water, and crumble 
down into a white powder, by mere exposure tp the air, a 
change which is called efflorescence. The tendency of salts to 
undergo this change depends on the dryness and. coldness of 
the air; for a salt whi<ih effloresces raipidly in a moderately 
dry and warm atmosphere, may often be kept w;ithout change 
in one Which is -damp and cold. 

805. Tl^e water of crystalization is r^talded by a very feeble affiiuty, as 
i# proved -by the pheBomeria^ of «ffloBesoeBe0, and by the ■facility..with whiqh 
sach water is separate^ from the saline. matCiBr 'by a mp^erate heat, or by 
exposure to the vacaum .of an air-puinp-at common tinaiperatures. Bui it 
is often observed that a potion of water is retained by a salt with such 
obstina'cy that it cannot be.expelled by a temperature shprt of that at which 
the salt is itself decomposed. This water, is considered to- act the part of 
a base, and is therefore called hasic water. In ^e section on phosphorus 
(511, 51S.), will be fdund several examples, illustrating someof its proper- 
ties. 'That it is entirely distinct from thd water of crystalization may be 
shown by beating some crystals of the common phosphate bf soda, which 
is composed of 1 eq. of phosphoric acid, 2 eq. of soda, apd 95 eq. of water. 
When the temperature has rben to 213^, 24 equivalents. qf ,tbe water are 
readily erpelled, but the 25th eq.i^ retained with 'scich force, that a red heat 
is necessary to effect its cdmplete separation. Bjr the loss of the first 24 
eq. of water, the cry0talin«>fi»TB and texture of the^alt are entirely destroyed, 
but the amorphoes mags h^s still aU the properties of thb common phos^ 
phate ; whereas by the loss of the 25th eq., an entirely new salt, the bibasie 
phosphate of soda, is produced 

806. The same thing is observed in the case of the common sulphate of 
zinc. The crystals of this substance are composed of 1 eq. of sulphuric 
acid, \ 6q. of oxide of zinc, and 7 eq. of water. When heated, 6 eq. of the 
water escipe at 212o,.but the 7.th eq. is not expelled till the temperature 
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rises to 4^0^. Thus faf this 7th eq. of .water in the sjilphate pfzifie appears 
analoffOQB to the 25th eq. in pho0phat6 of soda : there is feund this difference, 
that in the latter salt the univalent of water is readily replaced by an 
equivalent of any ba^, while in the case of pie sulphate of zinc, the.equiva. 
'lent of water is not affected by iMsesv'but may be renioyed by jinhydreas 
bolphates, which, by replacing it, form with sulphate of zinc, double salta 
This water, therefore, not acting the part bf a base^ but enteringr into the 
constitution of the salt, is called ^onatttutional uoater. 

Salts in crystalizihg fre<)uent]y inclose mechanically within 
their 'texture, particles of water, by the expansion of which, 
wh^n heated, the salt is burst with a crackling noise. 4nto 
smaller fragments. This phenomenon is known oy the name 
of decrepit aiioru Berzelius has correctly remarke4 that those 
crystals decrepitate most powerfully, such aa the nitrates of 
baryta and oxide of lead, which contaifl no water of crystali- 
zatioii.i ' _ • ^ 

. 807* The atmospheric pressure is s$kid to have considerable 
influence on the erystalization of salts. If, for example, a con- 
-oentrated solution of sulphate of soda is made to boil briskly, 
Euid the flask which contains it is then tightly corked,- while its 
upper part is full ,of vapor, (he solution will cool down to the 
temperature of the air without cryatalizing, and may in that 
state be preserved for months without change. Before removal 
of the' cork^ the liquid may often be briskly agitated without 
losing its fluidity; but on readmitting the air, qrystalization 
commonly commences, and the whole becomes jsolid in the 
course of a few seconds. The admission of th'e air some- 
times, indeed, &ils in causing the eflect ^ but it may be pro- 
duced, with certainty by agitation or the introduction of a solid 
body. The theory of this phenomenon is not, very .apparei^t ; 
but that the mere pressure of the atmosphere does not produce 
the efiect is evident from the &ct that a mere film of oil upon 
tb^ surface of the solution in the flask as effectually prevents 
erystalization; as if it is tightly corked while hot. It has, been 
suggested that the influence of the air may be ascribed to its 
uniting ch^micsyUy with the water ; and it js folind that gases 
which aire absorbed more freely than air, act more rapidly in 
producing erystalization. ^ ' v 

The same/quantity c^ water may hold sevjeral diflerent salts 
in solution, provided they do not mutuajly decompose each 
other* The solvent power of water with respect to one salt 
is, indeed, sometimes increased by the presence of another, 
owing to combination taking place betweetLthetwo salts. 

Most salts produce cold during the act of solution, especially 
when they are dissolved rapidly and in large quantity. The 
greatest reduction of temperature is occasioned by those which 
contain water of <irystallzation. < 

80Q. The above ** general remarks** on the subject. of salts are in accord- 
ance with the opinions which have heretofore generally prevailed concern- 
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ing tiieir nature and conippsition ; but recefitly some new views on this 
important -subject have begjuh to fNrevail, wbibh, though they cannot be for- 
mally adopted, ought not lo be entirely overlooked, even .in an elementary - 
work. These views are the more important, as they serve admirably to 
explain many facts in organic chemistry that before appeared anomalous. 

809. By referring tp the oxygen acids described^in the preceding pages, 
it will be observed that they all, with the exception of the carbonic and* 
chromic'' acids, in their free or active dtate,.contain hydrogien, which has 
been cbnsidered as associated with oxygen in , the fiirm of ^water. 'Thus, 
sulphuric acid,. or oil of vitriol (490), in ita most concentrated state, is- SSOg, 
HO, while, the common sulphuric acid is SOgJEld. So rdtrie acid is NOj, 
HO ; and indeed it cannot exist separate from water, NO 5 ; apd this is the 
case with a majority of known, acids. . Sulphuric and phosphoric acids may' 
without question be obtained anhydrous, SO3 and P3O5 ; but it is worthy 
of notice,' that in this state t?iey do ruU pwess the frMertUs of M«s« acidt^ 
and acquire them only^on the addition of water. . The dry compound of 
sulphuric acid and ammonia, ^3,NH3, for instance, is not sulphate of. 
ammonia, but a distinct compound.. Moreover, these anhydrous acids unite 
with water with the greatest vehe^nence, and. then assume their active 
characters. \ . ., 

810. Now» a9 the. hydra^ds, as a matter of course, contain hydrogen, 
according to ibis view it is cedent tha two classes of oxygen and hydracids 
may be brought^tpgether in single class of hydf acids, as haying tne most 
perfect analogy in properties. Letting'X represent the a,cid-radicali which 
may be either simple or compound, ti^ general formula for a hydracid will 
be X,H. In hydrochloric (542), hydriodic (569), and hydrosulphuric (496) 
acids, the acid-radical is simple, and X is represented respectively by CI, I, 
and S ; but in- most of the acids of organic substtoces, the acid-radical is 
compound. In the hydrated oxygen acids which have beendesoribed in 
the preceding pages^^ and to which alone and ' not to the anhydrous acids 
this theory applies, the acid-radical X is, always cbmlx)und''and always con- 
tains oxygen. Thurin hydrated sulphuric a.cid--as it^ usually considered 
and represented hy S03,H0, — % is represented by SO4 :' and in 0ommon 
nitric acid, N05,H0, j(as it is usually considered,) X = NO g . The tru& ibr- 
mula for these acids on this theory are S04,H, and "NOe,!!. Other exam- 
pleis might b^ adduced. Thq^ aeids which contain a single equivalent of 
hydrogen, are in general capable of uniting with a single equivalent of a base, 
and are therefore called monobasic ; those that contain 2 equivalents^ of 
hydrogen ddmbine with as many equivalents of base, and are called bibasic 
(302), while those that have 3 equivalents^of hydrdgefi are tribasic. These 
acids, ad a ijlass, are called . polybasic, aod their general fevmula is X, Htx. 
Phosphoric acid is polybasic'; it unites with water and ^her bases, forming 
monobasic, bibasiCf-and tribasic phosphates. The three states of the 
acid, or three phosphates of water, are written as follows : 

* • Old Theory, New Theory, 

• Monobasic acid i P.,05,HO .... P.gOj,!!. 

Bibasic acid. . ./. .- : P305,2HO. . ., P30,,H3. 

Tribasic acid. ...:,.. . . P2ba,3HO. . . . Pa08,H3. 

811. But it is among the organfc acids that we find the most numerous 
and striking examples of polybasic acids. 

Wheq one 'of these hydracids. unites with a metallic oxide to form n^aJt, 

28 
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the hydrogen is simply replaced by the met&l, and water is formed by the 
uinon of the hydrogen oF the acid and the oxygen of the base.^ Cons^ 
quently, acids may be viewed as the hydrogen sdts of their radicals, and 
thus^e acids and salts, in regard to their constitation,^ will form but one 
class. - * 

81S. A necessary consequence defducibHs from this theory is, that those 
oxides whidh most easily lose oxygen should most readily ref>laoe -by their 
metal the hydrogen of the acid. This infereiice is ibund [Strictly in con- 
formity with tact ; the oxide 6f silver; being' easily reduced, is capable of 
replacing with its silver all the hydrogen of seviei'al acids, while potassa or 
soda can replace by their metallic base only a part 
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SECTION 11. 
OlLDEft I— OXY-SALTS* / 

' . 813. This order of salts includes no compound the acid or 
base of >yhich does not contaiil oxygen. With the apparent 
exception of ^mmoniacal salts> both the acid and base of the 
salts described in this seetipn ire oxydized bodies. As each 
acid, wftl^ few exceptions, is capable of uniting with every alka- 
line oase, arid frequently in two or nior.e proportionSji^it is mani- 
fest that theV salts must constitute a very numerous class of 
bodies. . Jt is necessary, on. this account, to facilitate! the study 
of them as much as possible by classification. They may be 
conveniently^ arranged by placing together those salts which 
contain either tlie same salifiable base or Ihe same acid. It is 
not- very materii^ which principle of arrangement is adopted; 
but", on the .whole, it is thought best to adopt the latter, espe- 
cially sinpe, in the description of the dffferent oxides in the 
pfeceding pages, some account has been given of the charac- 
terfstic features of their salts. We shall therefore" describe the 
salts^^ in families, placing together those which- consist of the 
same acid united with the different salifiable bases. The salts 
<)f each family, in consequence of containing the ^ame acid, 
possess certain characters jn common, by which* they may all 
be distinguished ; and^gL^piarate descriptions are therefore per- 
haps less needed than in almost any other class qf bodie's. In 
the following pages, in accordance with^ the plan, previously 
pursued,- a ^^^ salts only of the most practical importance will 
be selected for description. 

814, After describing the neutral salts of each femily, some of 
the more important double salts of the same family wilT be in- 
troduced. These may be composed of one acid and two bases, 
of two acids and one base, and of two different acids arid two 
different' bases. Mt)st of the, double salts hitherto examined 
consist of the same apid and two different bases. 

* 8f5. The difference in the constitution of ammonia (4SSyand that of all 
oth^r bases capable of uniting with oxy.acids« gives a peculiar interest ta 



suii-PH AtTes. ♦' son- 

its salts. Though' this substance possesses, all the characteristics of an 
alkair, even neutralizing the strongest acids, it is thought by Beraelius q.nd 
others that it does not unite with them as ammonia, but as ihe exido .of a 
compound ra'dltal, 'which tjiey caH timn^ontum, -composed ^f 1 equivalent 
of nitrogen and 4 equivalents of hydrogen, NH4. When a current' of elec- 
tricity is passed through a solution of ammonia- in contact wUb^a portion of 
mercury a^' the negative electrode, the mercury fs rapidly -converted ifito a 
light porous substance, which has the lustre and all the characters of "an 
amalgam. - As soon as it is removed from the influence of the elec^ic cur- 
rent, rapid decomposition ensued, *me|:cury i9 reproduced, dnd hydvogen and 
jimmoniacal gases evolved in thq ratio of one volumo of the former to two 
. of the latter. The production of this oompound is explained upon the su|>- 
position that ammonia NH3, by uniting^ with an additional equivalent of 
hydrogen, forms a compound NH-4, which hais the properties t»f- a metal 
forming with mercury an* amalgam, and its oxide NH^, O, serving ati'th( 
real radical to the ammoniacal salts, as above explained. This hypothesis 
is further confirmed i>y the fact that, in atl the ireatrai salts of ammonia \Jtii 
quantity of water necessary, to convert the an\monia4nto ojeide of aixnn9ni 
am, is always ^eaeptt^n^r QaQwij be removed without th6^ totat decomposi. 
tion^of the salt Anhydrous cryMals of compounds of^ammohia witn'th« 
oxy-acids have indeed been obtained, but they dp not possess the proper 
characters of salts (795), neither the acid no^ idkali being present as siich 
IB the compound.^ " . ^ ' 

Sulphuric acid containjng 3 equivalents of "oxygen, the oxygen in the 
acid and base of the^eutrirl p'polosplphates,. will' of eftursB'beig t he r a t i o of 
3 to 1 ; and if it should be entirel;^ separaCcd^from both, % metallic pcpto> 
sulphuret would restilt ^ ; --..-.-.-.♦ ^ :. ." . . , „ 

'• -• - o.SULPJELA;[B8, ... . .... ^\ , -, 

816. The salts of sulphuric acidin solution may bedetected 
by chloride of banum. A white ^precii^itate,- sulphette of baryta, 
invariably subsides; which is insoluble in acids and alkalies, a 
character by which the presence of sulphuric acid, whether 
free or combined, may always be recognized! An insoluble 
sulphate, such as sulphate of baryta or stjontia^ mfty be de« 
tect^d by mixing it, in fine pwwder, with three tfmes its weight 
of carbonate oF potassa or" soda, and- expostng'the mixturenn 
a platinum crucible for half ali hour to a l*ed heat. Double 
decomposition ensues^ and a sulphate of the alkali used is 
formed, which, by proper .precautions, mdy be detected by 
chloride of barium, as above described. 

8 17r Several. snlpiiafes exist in nature, but the only ones 
whi6h are abundant are the sulphates of lime- and baryta. All 
of them may be formed- by the action of sulphuric acid on the 
metals themselves, on the metallic oxides or their carbonates, 
or by way bf double deeoifl position. ' ... 

The solubility of the sulphates is very variable.^ -There are 
six .only which, may be regarded as really insoluble; namely, 
the sulphates "of .baryta^ and of the derides of tin,*' antimony, 
bismuth, lead, and merciiry. The sparingly soluble sulphates 
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are those of strontia, lione, zlrconia, yttria, and of tlie^ oxides of 
cerium and silver. All the others are soluble in water- 

818. All the sulphates, those of potassa, soda, lithia, baryta, 
strontia, and lime excepted, are decomposed by a white heat 
One part of the sulphuric acid of the decomposed sulphale 
escapfes unchanged, and another portion is resolved into sul- 
phurous acid and oxygen. Those which are easily decomposed 
by heat, such as Sulphate of oxide of iron, yield the largest 
quantity of undecomposed sulphuric acid. 

81^. When, a sulphate, mixed with carbonaceous matter, is 
ignited, the oxygen both of the acid and of the oxide unites 
with carbon, carbonic, acid is disengaged, and a metallic sul- 
phuret remwns. A similar change is produced by hydrogen 
gas at a red heat, with formation of water ajid frequently of 
some hydrosulphuric acid. In some instances . the hydrogen 
entirely deprives the metal of its sulphur. . 

820. The following table represents the composition of some 
of the princ5ipal sulphates, both anhydrous, and with water of 
crystadi^ation when they crystalize with water.' 
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JVbjne«. ' Ba%t,. Acid» Equiv. SymboU. 

Sulphate of potaasa. . . . .- , .1 eq.'+^l eq. . . 87.25. iKCSOa , 

Bisulphate of ptrtasaa ..... i . . . . . . . 1 eq. + 2 eq. ...127.35. .KO,2S03 

' Do. . do. . in^cr^stala witk 1 eq. of water . .1-36.35. . 
Sulphate of soda . . . .' , 1 eq. -f 1 eq. .^. 71.4 . .NaO,S03 

Do. • do. in crystals with 1 eq. of water .'.f 61.4 .. 
Bisulphate of soda .1 eq. + 2 eq. . .111.5 . .NaO,2S03 

Do.. da Hn crystals with 4 eiq. of water'. .) 47.5 .. 
Sulphate of oxide of ammonium. , . 1 eq. 4- 1 eq. . . ^6.25. .NH40,S03 

Da do. in crystals with 1 eq*. of water . . 75.25.^. 
Sulphate of baryta. ............ . . 1 eq. 4- 1 eq.. .. 116.8 . . BaOJSO' 

Sulphate of strontia. . . f . v .•'...'.. 1 eq. + 1 ^q. .. .91.9~ . .SrO^SOs 

Sulphate oflime .1 eq. -f 1 eq. » . 68.6 . XaO,S03^ 

Da do. as gypsum* with 2 eq. of water . . 86.6 . . 
Sulphate of magnesia * I eq. + 1 eq. . . 60.8 . . MgO,S03 

Do. ■ do. * in crystals with 7 eq. of water . .123JB . . 
Sulphate of alumina 1 eq. -)- 1 eq. . • 91.5 . . AlgOsiSOs 

J>a . da in crystals with 9 eq., of water ..172.5... 
Sulphate of protol[ide of manganese 1 eq. + 1 eq. . . 7^.8 . .Mnp,303 

Do. da i;i crystals with '5 eq.qf water .,120.8 .. 

Sulphate of protozicte 6f iron 1 eq. -)- 1 eq : . . 76.1 '. . FeO,S03 

. Do. do.' ip crystals ii^ith 6Leq. of water . .130.1 .• 
Sulphate of protoude of zinc< *, 1 eq. -|- 1 eq. . .^ 80.4 *. .ZnO,^3 

Do. doi in crystals with ^7 eq. of water . .143.4 i . 
Sulphate of protoxide of copper. '. . .1 eq* + 1 eq. .'". 79.7 . .CuO,SOa^ 
Disulphate of protoxide of copper . .2 eq. -4- I eq. . . 119.3 . .2CnOiS03 
Sulphate of protoxide of mercury . .1 e^. -j- 1 eq.'. .250.1 . .HgCSOs 
Bisulphate of peroxide of mercury. .1 eq. -f- 2 eq. . .298.2 . .'Hg03,2l^3. 
Sulphate of oxide of silver 1 eq. + 1 eq . . . 156.1 > . AgOfSOj • 
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D b U B L E 8 U L P HA T K S .' / 

S.alpbate of ptitassa (Sulphate Qfpotafl«a l.eq.> 25895 S K0,S03 + 

and alumina. . . . y Tersulph^ret alum. 1 eq. \ / Al^OstSSOa 

Do. do. with 34 eq. of water .^ 474.95 

Sulphate of soda S Sulphate of soda. . .1 eq. > n^g - K NaCSOs 4- 

and aluminft» . .^. f Tersulphate alum . 1 eq. \ ) AlaOs^SSOs 

Do. do.' * with 26 eq. of water 477.1 

• ^ " - • 

S3 1. Sulphate of Potctssa. — This salt is easily {Prepared artificially by 
oeutralizing carbonate of potassa-with sulpfauric a€i<l ; .and it ^s procured 
abundantly by neutralizing with <apbonaie .of potassa tlie reshdue pf the 
-operation for preparing nitric acid (433). Its taste is saline and bitter.. It 
generally crystalizes m six-sided prisms,* bounded by pyramids with six 
siiies, the 3ize of which, is said to be. much increased by the presence of ia 
little carbonate of potassa..^ Its primary ^rm is . a rhombic octohedron, 
and it is isomorplious with chromate aiid sarleniate of po^tassa. The crys- 
tals contain no water of crystalisation, and suffer qo ehange by exposure to 
the air. They deqrepitata when heated, and enter into fusion at a red heat 
They require 16 tim^ their weight of water at 6G*^4'iuid & of boiling* water 
for solution. '■./'* 

823. Bisulphate of PUoBSot is easily formed by exposing the neutral Mil- 
pfaate with half its weight of strong sulpburio acid tfr a heat just below red- 
ness« in a platino^ crucible, until acid fumes cease to escape. The pri- 
.msfry form of itf crystals is a right rhom'hic-pripm. Itjias-a strong. sour 
taste, and Reddens litmus paper. According- lb jGrrahamit is to be consi- 
dered a double sulphate of potassa 'and water,' It is much moi-e soluble 
than the neutral sulphate, requirin|f for sblution only twice its .weight of 
water at 60^, and less than an c^u^ weight at 213^. 'It is resolved by .heat 
into sulpl^uric acid andHhe neutral sulphate. * - . ... 

823. Sulphate of Soda. — This compound, cpmmonly called 
Glauber^s Salt, is occasionally met with on the surface of the 
earth, and is frequently contained in mineral springs. It was 
discovered, by Glauber, from whom it recei\red its name, 
although he himself called it «aZ ^VaW/e. ' . 

it may- be made by the direct' action of sulphuric- acid on 
carbonate of soda, and it is procured in latge quantity as a 
residue in the process for forming hydrochIo|ic acid and chlo- 
rine (542).* - . • .-' • ---- .'- ' 

824. Sulphate of soda has a cooling, saline, and bitter taste. 
It commonly yields .four and six-sided prismatic crystals; but 
its primary, fornr 19 a rhombic octohedron. Its crystals efflo- 
resce rapidly when exposed to the air> losing the whole of their 
wdter. When heated the^ readily ilndergd the watery fusion. 
At 82^, 100 parts of water dissolve 12 pacts of the crystals, 48 
parts at ^.5°, 100 parts at 77S 270 at .89.5°, and ,322 at 91.5^. 
On increasing the beat beyond this point, a portion of the salt 
is deposited, b^ing less Soluble than at 91:5^. . If a solution satu- 
rated at 91.5° is evaporated at a higher temperature,' the salt 
is deposited, in opaque ^anhydrous pfisniSy the primary forp of 

28* • ■ ^ " 
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which is a rhombic, octohedron* Ita specific .^avity ia this 
state 19 2.46. ' , . 

BisulphatB of Soda may be formed in the same manner as 
the analogous salt of potassa (822). 

8^5. Sulphate of Oxide of Ammonium — Sulphate of Ammoma, — ^This 
salt is easily forfiied -by nei]traiiziD|r carbonate of aromonia with dilute sol- 
phuric acid ; and it is contained in considerable quantity in the soot from 
coal. 

It is important as a source of the hydrochlprate of ammonia, wliich is 
obtained by subfimatioh from a mixture of sulphate of ammonia anid com^ 
mon salt ' It is sometimes found native in small quantities in volcanic 
countries. - 

826. Sulphate of Baryta.— l^ative. sulphate of baryta,'' commonly called 
heavy epar,, occurs abum)ttnt]y, chiefly massive, but sometimes in anhydrous . 
erystds, the form of which ill variable, hieing sometimes prismatic and 
sometimes tabolar, dedueihle' from a right rhombic prism. Its density is 
about 4.4. It is one of the mq^t insoluble* salts known, and of late has been 
considerably used by painters as a substitute for white lead. ' 

827. Saljih^ ofSinmHa^ the Celestine of mineralogists, ver^^miich re- 
sembles the above, and is sometimes mistaken for it Its specific gravity 
is 3.86. ■ . ' • . ^. 

828. Sulphate 6f Z!Ame.-^This salt occurs abundantly as a 
natural production. The mineral called anhydrite is anhydrous 
sulphate of Kn^e; and all the varieties oi gypsum are composed 
of the same salt, united with water. The piire crystalized 
specimens of gypsum are sometfmes called udenite ; and the 
white compact variety js employed in statuary under the name 
of alabaster. The crystals are generally flattened prisms, the 
primary form of whict is a right rhombic prism. 

Gypsum contains 2 equivalents of water, which are readily 
expelled by a temperature a little below 300®,"and it then crum- 
bles into a fine powder. If this powder is mixed with water, 
the 2 equivalents are again, absorbed and gypsum- is repro- 
duced, and the mass rapidly becomes dry and hard. On this 
property is founded the ^Tt of casting in plaster, an4 the forma- 
tion of the various kinds of stucco, in ^hich a solution of glue 
or gt^m is often used In place of pure water. If in baking the. 
gypsum, is heated above 300^, its nature is changed, and anhy- 
' drite is formed,, which will n'ot coftilnne with water so as " to 
set." • . 

Solutions of caustic potassia, or several of its salts, as the 
carbonate, sulphate* or silicate, when mixed with the raw gyp- 
sum finely pulverized, also produte iminediate and perfect 
olidification. 

This salt, under the name' of plaster, &r Plaster of Paris, is 
largely used in agriculture. It is slightly soluble in water, 
requiring for solution about 4dQ or 500 times its weight of 
water. T>issolved in this minute quantity with other salts in 
wellor spring-wstter, iteoinmuniaates to it the property called 
hardness. ■' ^ ■' 
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829. Sulphate of Magnesia, — This-'salphate, generally known 
by the name of Epsom salt, is frequently contained in mineral 
springs, as at E^som, in England. It may be made directly, 
by neutralizing dilute sulphuric acid with carbonate of mag- 
nesia; biit it is procured for the purposes of commerce by the 
actioix of dilute sulphuric acid on magnesian limestone, which 
is a native carbonate of lime and magnesia. 

Its taste is saline, bitter, and nauseous. It may readily be 
distinguished from sulphate of soda by the form of its crystals 
or by pouring hito -a solution of it^& Jittle caustic x>otassa, 
which will cause a white precipitate. In sttlphate of soda no 
such effect will be produced. 

830. Sulphates of Iron.-^Sulphate of ihe Protoxide, commonly 
called green vitriol, is formed by the action of dilute sulphuric 
acid on metallic iron, or by exposing protosulphuret of iron, in 
fragments; to the combined agency of air and moisture. The 
saltiias a strong, styptic, inky taste. U is insoluble in alcohol, 
but soluble in. two parts of. cold, and in three^fourths of its 
weight of boiling water. It occurs in right rhombic prisms, 
which are transparent, and of a pale ^een tint; but when 
its water, of crystalizatfon is expelled, it is of a dirty white 
color. • * 

• It is used for various purposes in the arts under th6 name 
of copperas or green vitriol It is ^employed in the tiianufacture 
of fumipg sulphuric acid. It contains a large, quantity of water 
of crystalizatiOn, vlilch gradually escapes in the open air, and 
-the crystals crumble to powder.. , 

Much of the green vitriol of comtnerce is formed by exposing 
the native sulphuret of iron to the action of- the weather, by 
which both the sulphur and iron are oxydized, to forrh the sul- 
phate of iron. '. 

When this salt is heated it parts first with its water, and at 
a full red heat, with its sulphuric. acid,^a portion of which is 
decomposed intoisulphurous acid and oxygen, and the rest passes 
off unchanged. By the oxygen of the decomposed- acid the 
Iron is peroxydized, forming Ih^ substance used in the arts as 
a polishing powder, under the names o( rouge and colcothar. 

The terstUpkizte of the sesqmoande is npt used in the arts. 

831. Sulphate of Zind. — This is the whUe vitriol of commerce. 
It may rtfa^ily beform/ed by the action of dilute sulphuric acid 
upon metallic zinc. It is used in medicine and iii the arts. 

832. ^vtph^tecf Copper.— sSulphate of the red oxide of copper 
has not been obtained in a separate state. The sulphate of 

' the black, or protoxide, blue vitriol, employed by surgeons as 
an escharotic and astringent, may be prepared by roasting the 
native sulphuret ; buf .it is more generally made by directly 
dissolving the protoxide in dilute sulphuric acid, and crys- 
talizing by evaporation^ This salt forms crystals of a blue 
color, the primary form of which is the ot)lique rhomboidal 
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prism. It is soluble in about igur of ccAd, and in two parts of 
boiling water. It is isomorphous with sulphate of protoxide of 
manganese. • . 

' When pur6 potassa is added to. a solution of ihe sulphate of 
protoxide of copper, in a quantity insufficient for separating 
the whole of the acid, a pale bluish-green precipitate, the disul- 
phate, is thrown down. . - 

Sulphate of protoxide of copper andr ammonia is generated 
by dropping pure ammonia into a solution of the sulphate, until 
the sub-salt at iirst/throWri down is nearly all' dissolved. It 
forms. a dark blue- solution, from which, wben 'concentrated, 
crystals are dfepbBlted by the addition ^ of alcohoit* It may be 
formed also by .rubbihg^ briskly in a mortar two parts of crys- 
taliied sulphate of protoxide, of copper, with thVee parts of 
carbonate of ammonia^ until the mixture acquires a uniform 
deep blue color. CaVbonic acid, gas is disengaged with eflfer- ' 
vescence during the. operation, and the mass t)ecomes moist, 
owing to the water of the blue vitriol being set free. ^ 

This 'cemi3tound, which i» the €Lmmoniiiitr€i-€(f'€^per.^Jthe 
Pharxnacopceia, coiitains sulphuric. acid; protoxide of copper, 
and ammonia ; but ifs precise nature h^s not been determined 
in a. satisfactory manner. It parts gradually. with ammonia by 
exposureto the air. . , ^- . " " . 

833. -Sulphates of Mercury, — Sulphate of the protoxide of 
mepcury is forjned ,w]hen, two ji^rts of mercury, flre gently 
heated with three parts of strong sulphuric acid ;- but if strong 
beat is employed, so* as 4o^ excite t)ri8k effervescence, and the 
mixture brought' to dryness^ a bisulphate of the peroxide^ results. 
When- this bisulphate is thrown into hot water it is decomposed 
and a yellow basic, sulphate is. formed, formerly called turpeth 
mineral, 3HgO,S03.^ . * 

DOUBLE fltJL^HATEfl. *" • 

Sukfhate of soda and lime ia the giauti0rite of mineralogists. 
It is found nativQ. . ■ 

834.^ Sulphate cf Poiassa and -4/Mmwia.— 'i4/tw?i.^-This well- 
known substance fs usually prepared from alum-slate, aii argiK 
laceous slaty rock," highly charged with iron pyrites. On 
heating this rock the sulphuret of iron is-oxydized, the result- 
ing sulphuria acid unites with alumina and potassa present in 
the slate, and the -alum is dissolved out by water. By frequent 
crystalization it is purified from the oxide of irbnj which obsti- 
nately adheres to it. In Italy it. is prepared frpm nlum-stone, 
which occurs at Tdfa, near Rome, and in most volcanic dis- 
tricts, being formed apparently, by the action of sulphuric acid 
vapors on fejspathic rocks. Tiie materials- of the alum exist in 
the stone ready formed; and they are extracted by gently^ 
heating.the rock^ exposing it fora time to the air, and iixivia- 
tion. The alum from this source has been long prized, an 
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consequeiuMS of being quite free from iron* In both of these pro- 
cesses the alkali containjed in the alum-rock is inadequate for 
uniting wkh the sulphate of alumina' which .is obtained, and 
hence a salt of potassa must be added. 

Alum has a sweetjsh,. astringent taste, and reddens litmus 
paper. It; is soluble in five parts of water at 60°, and in little 
more than its own weight of boiling water. It crystalizes 
readily in octohedrons^ or in segments- of the octohedron, and 
the crystals "contain 5M atoms or almost 50 per cent^of water 
of crystalization. On being exposed to heat, they froth up 
remarkably, and part with all the watery forming anhydrous 
alum, ihe Alumen Ustum of the Pharmacopoia. At a" full red 
heat the alumina is depriyed of its acid.- 

This salt is much used in medicine and in the arts, especially, 
in dyeing and calico-printing. Ignited with charcoal, it' forms 
a spontaneously inflammable compound, which has long been 
known under the name of Homherg^s Pyrophorua. 

835. Iron ilZwm.T— This compound very much resembles com- 
mon aluija, but ofien, though not always, it ha§.a pink tint;. It 
is formed by mixihff sulphate of potassa with tersulphate of 
peroxide of iron, and crystalizing by spontaneous evaporation. 
It differs from common alum in constitution by containing per- 
oxide of. iron instead of alumina, with which this oxide, is iso- 
morphous. Ammonia may also replace the potassa, producing 
a similar double salt. ' ^ . ' 

836. Chromium ^/um.— The tersulphate of the sesquioxide of 
chromium forms with4[)otass£uand ammonia double salts, which 
are exactly similar in form and composition to the preceding 
varieties, of akim. Their prystals are black by reflected, but 
red by transmitted light 

837. iMdnganese Alum, — ^This alum is formed by the replacoi- 
ment of alumina in common alum by the sesquioxide of man- 
ganese, with which it is isomorphouSk It is made with some 
difficulty. ' 

838. Basic Aly.m, — Cubical Alum^—'lLhM substance, which is 
preferred as a mordant to ordinary ?ilumi is prepared, by 
adding carbonate of potassa to a solution of alum as long as 
the precipitate which first forms is redissolved by agitatipn. It 
crystalizes in. cubes, which have no acid reaction, Its composi 
tioo is Ala03,2S03+KO,S03. • 

. ^NITRATES. 

839. The nitratejs may be prepared by the action of nitrio 
acid on metals, on the salifiable bases themselves, or on car- 
bonates. As nitric acid forms soluble salts with all alkaline 
bases, the acid of the nitrate cannot be precipitated by any 
reagent: 

AH ihe nitrates are decomposed, without exception, by a high 
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tempemture; but the changes which en^ue are modified by iGe 
nature of the oxide* i .- . '. ' t : _ 

From some of them, most of th^acid passes^oflf at compara- 
tively low temperatures unchanged, but with bthers the case 
is different, the a€id beifig decomposed. Nitrate of pptassa, for 
instance, when heated, as in the ^ocess for procuring oxygen, 
is decomposed and reduced to a- nitrite of potassa, -giving up 
of course one equivalent of the oxygen of the acid. A» the 
temperature is raised,, still other complicated changes are pro- 
duced, the binoxide and protoxide of nitrogen being given off, 
mixed wi^h oxygen, till ^t ^ngth the peroxide^ of potassium 
ajohe remains in the retprt.: 

When > nitrate of potes^a in iine powder is mixed with a 
combustible substance, and thrown into a red-hot crucible, 
rapid combustion is produced, called defiagraiion. 

All the neutral nitrates of the fixed alkalies, and alkaline 
earths, together wHhlnost of the neutral nitrates of the com- 
mon metals, hre composed of one equivalent of nitric acid, 
and one equivalent of a protoxide. . Consequently, the oxygen 
of the oxide knd acid in all such salts must- be in the ratio of 
1 to 5. ' ^ 

840. The composition of some of the priQeipal- nitrates is exhibited in 

the following tiO>Ie :-9- "~ ' J .^ • 

- - Names, - - Bas4, Add, . Equiv^ , SyiHheit, 

Nitrate of potassa ; 1 eq. -f- 1 eq. . . 101.3 . .KO^NQs 

^a .-.-•.;-. : . . .-v.t eq; + !«!.. .8^.45. .NaO.NO, 

— H)xide of aranutnium . . . •l.'eq^ -f- 1 eq. . . 80.3 . .n4NO,N06 

-^ r-baryta , . ... , . ^ .'.1 eq. -j-. 1 ^^. .130.85 . . BaO,NO« 

o trontia ......./ i .1 eq. -^ 1 eq. . ,105.95. .SrO.NO, 

Do. do. in. prisms with 5.eq. of water V.]60»95, 

Nitrate of lime , . .1 eq. -f- 1 eq. . . 8^.65. .'CaOJ^Oa 

—^ o^agnesia. .1 eq. -j-l ©q. . . 74.85 .-.MgOjNO, 

——protoxide-of copper. . .-. .1 .eq."'4- 1 eq. . . 'S3.75. .CuO,N05 

Do. da in prisms with'7«q* of water . .156.75 

Nitrate of protoxide of lead 1 eq. + 1 eq . . . \65.75 . . PbO^NDs 

Dinitrate of do. . . ^ . . . .1^ eq. + 1 eq . . .277.35. .SPbCNO, 

Nitrate of protoxide of mercury .'. .1 eq. -j- 1 eq. . .26415. .HgOjNOs 

Do. do» in cry iStals with 2- eq. of water ..282.15 
Nitrate of peroxide of mercury . . . .. 1 .eq. -f- 1 e^. • .2^2.15. .HgOajNOs 

Dinitrate of , do. ... ... .3.eq.4- 1 eq. . »490J5*J2HgOa^O? 

Nitrate ^f-oxide of silver , 1 eqi'-f: 1 eq . . ,170.1.5. . AgO^dg 

841. Nitrdie of Potassa. — This palt, the nitre or saltpetre of 
commerce; is generated spontaneously in the soil, arid crys- 
talizes upon it& surface, in several parts of the world, and espe- 
cially in the East Indies, whence the greater part of the nitre 
used in Britain, is derived. . • • ^ 

In this country it is formed by deeomposing the nitrate .t)f 
lime, wl>ich is .'found abundantly in caverns in some of the 
western states, by the carbonate Qf potasaa whio^ ia contaiiied 
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in wood-ashes.. In France and Gtermanyit^is iwepared^n arti- 
ficial nitre-beds. These consist of.refuse animal and vegetable 
substances undergoing pufrefection, mixed with, calcaipeons 
and other-earths. It Jias -been ascertained that the oxygen of 
the atmosphere unifes with the nitrogen, as it is gradually 
liberated from the arjimal substances, forming nitric acid, which 
inunfid lately combines with the lime and other earths that may 
be present. By lixivating the earthy matters with water, and 
mixing the nitrates of lime,. magnesia,* i&c, thus obtained, with 
carbonate' of potassa, the. earthy bases are precipitated, and 
nitrate of potassa obtained in solution, which,' by 'Evaporation, 
yields the salt in 'crystals. In France, much of this salt is 
obtained by lixiviatibn frpm certain kinds of plaster of old 
houses, where nitrate of lime is gradually generated. 

Nitrate of potassa is a colorlesi salt, which crystalizes readily 
in six-sided prisms. Its taste is saline, accompanied with aa 
impression of coolness, it r^quir^s fbr solution seven parts 
of water at 60°, and its QWh weight of boiling water. It con- 
tains no water, of crystalization,but its crystals are never quite 
free from water lodged mechanically within them. At 616° it 
undergoes the igneous ibsion, and, like all the nitrates, is decom- 
posed by-a red heat. - * 

Nitre is chiefly employed in chemistry as an oxydizing. 
agenf , and in the formation of nitric acid. Its .Chief use in 
the arts is in making gunpowder, which is a mixture of nitre^ 
charcoal, and aiulphur, in the ratio of about 6 parts of nitre to 
1 of each of the other substances. The pi'opprtions, however, 
are not always the same. .The nitre, by- its decomposition, 
fuTrnishes bxygen (365), which combines .the carbon, the sul- 
phur at the siame time uniting with -the potassa. The action of 
gunpowder depends upon its generating, when decomposed, a 
large,quantity of gaseous matter at a high temperature. The 
gases are chiefly nitrbgeh and carbonic acid, which at- tlie 
moment t)f explosion occtipy more than 1000 tfmes the vcrfume 
.ofthe powder from which they are formed. The formation of 
the gases is jiot ihsta'ntaAeous, but occupies a certain time, and 
the- ball is forced from the gun with a velocity due to the ulti- 
m£ite effect of the whole. This salt is al^" used in the manu- 
facture of nitric acid (423). It is a powerful antiseptip, and is 
therefore used with common salt in the preservation of itoieat 
and other substances. . - -. . 

Nitre has sometimes been mistaken for sulphate of soda, bpt. 
may readily be distinguished trom. it "by - its deflagrating wJieft 
thro wn* upon burning charcoal. ^ 

.842. Nitrate of Soda resembleis nitrate of potassa in many of its propef- 
ties, but cannot be substituted fbr it in the manufacture of gunpowder. If 
may bo used ih the manufacture of nitric acid.- * 

643. Nitrate of Baryta, — ^Tbia salt is sometimes used as a reagent, and 
fbr preparing pure baryta. It is easily prepared by digesting the native 
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ourbonate, r^aoed^to powder, in nitric acid, d^uted with eight or tentiniea 
its weight>>f water. The mJt crystaliaes readily by evaporatioa In trans- 
parent anhydrous octohedrons, and is yery apt to decrepitate by heat unless 
previopsly reduced to powder. It requires 11^ parts qf water at 60.^- and 3 
or 4 of boiling water for solution, hut is insoluble in aJcoboU It undergoes 
the igneous fusion in the fire before being decomposed. * 

844. Nitrate of Strotttia, — ^This ss^t may be made from strontianite in the 
same manner as the foregoing compound, to which it is exceedingly analo- 
gous. It commonly crystalizes in anhydrous oc^hedrons, which undergo 
no change in a moderately dry atmosphere, and a^e insoluble in alcohol ; 
but sometimes it coqtains 3iO |)er cent of -water of crystalizi^tion, and then 
assumes the fcirm of a' prism with ten sides and two summits. 

845. Nilrate$ of Lifne and itfbgrn«Ma.-^These salts crystalize in hydrated 
prisms when their solutions are concentrated (o the oonsisience of syrup; 
but the quantity of water which they contain is not ascertained. They 
deliquesce rapidly in the air, are very soluble in water, .and are dissolved by 
alcohol, the nitrate of 4ime mare freely than nitrate of magnesia. 

Nitrate of lime is found native in great abundance in caverns in Ken. 
tucky and other soi^th western states (841). 

. 846. Nitrate of Protoxide of Copper. -r-This bbIX is prepared by the action 
of nitric acid'^pn copper. It crystalizes, though with some difficulty, in 
prisms of a deep blue color, which are ve^y soluble in water aiid Ucobol, 
and deliquesce on- exposure to the air. When heated' to redness it fields 
pure oxide of copper. . • . -' 

847« Nitrate of PjroUuiide 6fljead,-^Thia aali is formed by digesting 
litharge in dilute nitric acid, and crystalizes readily in octohedrons which 
are anhydrous and almost always opaque. It has an acid reaction, but is 
neutral in composition. . ., ' ' 

848. Nitrates of Mercury. — There are seVeral nitrates of mercury, but 
the prifUmitraie and the pemitrate are the piost important The' fest is 
conveniently formed by digesting mercury in nitric acid, diluted with three 
or four parts of water, until the acid is saturated, and then allowing the 
solution to evaporate spontaneously in an open vessel. Th^ solution always 
contains at first some nitrate of the peroxide, but if metallic mercury is left 
in the liquid, a pure protonitrate is gradually deposited. 

When mercury is heated. in an excess of strongs i^itric acid, it is dissolved 
with brisk effervescence, owing to the escape of binoxide of nitrogen,^ and 
transparent prismatic. crystals of the .pemitrate are deposited as the solution 
cools. 

849. Nitrate of Silver. — Silver isr readily oxydized and dis- 
solyed by nitric acid- diluted with two or three times its weight 
of water, forming a* solution which yields transparent tabiuar 
crystals, by evaporation. Th^se cry$tais,' which are anhydrous, 
undergo the igneous * fusion at 426°, and 3rield a cr3nsta]ihe 
mass in cooling;. but when the temperature reaches '600° 6r 
rOO° complete decomposition ensues, the acid being resolved 
•into oxygen and nitrous acid, while metallic silver is left. 
When liquefied. by heat, and received in sftiall cylindrical 
moulds, it forms the lopie infemalis or lunar caxtatic, employed 
by surgeons as a cautfery. The nitric acid appears to be the 
.a^ent which destroys the animal texture, and the black stain 
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li owing to the aeparation of oxide of silver. It is sometimea 
employed for giving a black color to the hair, and is the baais 
oC indelible ink,. used for marking lin^n. 

The. pure nitrate is colorless and transparent, and does not 
deliquesce by- exposure to the airj but common lunar caustic 
is dark and opaque, and jdissolve? imperfectly in water, owing 
to some of the .'nitrate being decomposed during its prepara- 
tion. It is often adulterated with nitre, which is melted with it 
The pure salt is soluble in its own weight of cold, and in half 
its Weight of hot water. It dissolves also in four times its 
weight of alcohol, tts aqueous solution, if preserved in clean 
glass vessels, undergoes .little or.no change even in the direct 
solar rays ; but when exposed to light, rspecially to sunshine* 
in contact with paper, the skin, or .any organic substance, a 
black stain is quickly produced, owing to decomposition of tiie 
salt and r^uction of its oxide to the metallic state. . 

. ^ CHL0]I.AT£B. 

850. Trb jsalts of chloric ^cid are very analogous to the 
nitrates. As the (Chlorates of the alkalies, alkaline earths, and 
most of the comtmon metals are composed of one equivalent of 
chloric acid and one equivalent of a protoxide, it follows that 
the oxygen of the former 1^. that of the latter is in the. ratio of 
I to 5r The .chlorates are decomposed by a red heat, n^rly 
all of them being converted intp metallic chlorides,* with evolu- 
tion of pure' oxygen gas. They deflagrate .with inflammable 
substances with greai^i* violence than nitrates, yielding oxygen 
with such fiidlity that an. escpioaion is produced by sl^ht 
causes. Thus a mixture of sulphur with three times its weight 
of chlorate '.of potasaa explodes when struck between two hard 
sur&ces. With charcoal &nd the sulphurets of arsenic and 
alitimony this salt foirms sixDilar explosive mixtures; and with 
phosphcurus it detonates violently by percussion, One of the 
mixtures employed in the -percussion lockafor^uQS consists of 
sulphur and chlorate of potassa, with which a^fittle charcoal or 
-gunpowder is mixed ; but as the use of these materials is found 
corrosive to. the lock, fulminating mercury is now generally 
preferred... . y ^ 

All the chlorates hitherto examined are soluble in water, 
excepting the chlorate of protoxide of mercury, which 4s of 
spearing solubility. These salts are distinguii^heq by the action 
of strong hydrpchloHc and sulphuric acida^ the former of which 
occasions the. disengagement of chlojrine and protoxide of chk>- 
rine, and the latter peroxide of chlorine. 

None of the chlorates, are fotmd native, and Jhe only one that 
requires particular description is the 

851. Chloraii (^ potaaed. — Tliis- salti formerly icalled o>vmu- 
riate or hi/per'Oa:ymuriate'of^otash^ is colorless, and* crystalizea 
in. four and six-sided scalea of a pearly lustre. Its, primary 
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foim is an oblique rhombic ^rism.. It is solubte io sixteen times 
its weight of water at 60<^, and in. two and a' half of -boiling 
water. It is quite anhydrous, and when exposed to a tem- 
perature of 400? or 500^ undergoes the igneous fusion. On 
increasing the heat almost to redness, effervescence ensues, 
and pure oxygen gas^ls disengaged (365). It can bear a heat 
of 600° without decomposition. . 

Chlorate of potassa is made by transmitting clilQrine.gas 
through a conii^entrated solution Of pare potassa, untO the alkali 
is completely neutralized. Th^e solutioh, which, after being 
boiled for. a few minutes, contains nothing bi|t chloride oi 
potassium and .chlorate- of potassa, is gently evaporated till a 
pellicle forms upon its. surface, and. is then allowed to cool. 
The greater part of the chlorate crystalizes, while the chloride 
remain's in solution. The crystals, after beinfi washed with 
cold water, may be purified by a second cryBtalization. 

This salt has been much used in the tnanuj&cture of the Lu« 
cifer matches. It yields its oxygen with the «'eatest readiness, 
and explodes when mixed with any combustible, as phosphorus 
arsenic, or aulphur, and struck violently with a hanunei-.: Sub- 
stituted for nitrate of potassa in gunpowder, it answers well 
for many purposes, but the manufacture is so .extremely dan- 
gerous that it is not now practised. 

852. Hypochlorite cf £me.-^The hypochlorites are produced 
by the action of qhlorine-^as on the salifiiibl^ bases (588). The 
most important of them is "the hyxx)ch]orite of lime, the well- 
known hUaching salty which has usually been described as the 
chloride of lime. It is prepared foi* comnierci&l purposes by 
exposing thin strata of recently-slaked lime in fine powder to 
an atmosphere of chlorine. The ^as is absorbed in large quan- 
tity, aiid chloride qf calcium %tn4 hypochlorite of lime are pro- 
duced in equivalent proportions. 

It is a dry white powder, which smells feintiy of chlorine, 
and has a strong taste. It dissolves partially in water, and .the 
solution possesses powerful bleaching properties, and contains 
both chlorine and lime ; while the undiissolved portion is hy- 
drate of lime, retaining a small quantity of chlorine". The 
aqueous s^ution, when exposed to, the atmosphere, is gradu- 
ajly' decomposed; chlorine is set free; and earbonate of lime 
generated. It 1$ aUo decomposed by a strong heal: at first 
chlorine is evolved ; but pure oxygen is afterwards disengaged, 
and chloride of calcium, remains in the retort. 

858. There is some.difference of t)piiuon with regard to the 
true constitution of this compound, but it is believed to be in 
accordance with, the name given above. The bleaching salt 
of commerce always contains more or less hydrate <x'^lime 
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mixed with it,^as the result of ihe peculiar manner of manu- 
facturing "it! -'' •• 

This sul?stanc0, in consequence bf the ready method it affords 
of preparihg chlorine (535), is extensively ased in the arts and 
in medicine. 

The relative value: of different specimens of bleaching 
salt may be determined by ascertaining the comparative. quan- 
tities of pui^ indigo they are capable of bleaching. 

Hypochlortte-cf Soda, — This is the diswfectvng. Uquor of La- 
baroque^ sometimes also called^cA/ortdle of soda,. It is prepared 
by passing a current, of chlorine gs^s through a solution of car- 
bonate of soda, as long as ch Wme islabsorlied, but no carbonic 
acid evolved. Its use is much the same as that of the com- 
pound last Scribed. . . , ,. 

PHOSPHATES, > 

854. As phosphoric ttcid is. polybasic, we shall of course 
expect to find' formed from . It corresponding salts. They 
are the monobasic, the bibasic, and the tribasic phosphates. 
The bibasic phosphates, its the name implies, contain 2 equiva- 
lents of base united, with I eq. of acid, but of these 2 eq. of 
base 1 eq. may be water and the other belpng to some fixed 
base, So^in the tribasic phosphates, there may be 1 or 2 eq. 
of fixed base, the rest in either ease being .water* 

855. A 'few oiily of the ivhospliates wUl be h^ described, the composi- 
tion of which will be seen irom the following table : . 

. . Name9, . ' . ^ Base, ^.Acid. Equitx. SymbdU. 

Tribuie phocip'hate of soda. 3 eq. + I eq* • .165.33. .dNaO^PaO^ 

Da 'do. in crystals #ith 24 e^. of water. .381.3 

Dou ida i*^* -^^^-i .4- lea 143 S 2N«O.HO, 

"^ ^ ^^ * water. i leq.i ^*®*i'^^- ••) PaOg 

iv A^ i «^*'* *•••••! ^'5 _i_-r-a« 10AT SNaO,2HO, 
^' ^^ . ) water ;..... \2^. > +^«l-^0-7--j pjo, 

Tribasic phot, of so- 1 soda. .«..:..! eq. ) -^ v NaO,H4 

da,^z. of amnion. < oac ammon . .1 eq. > -|- 1 eq 1 137.85. , < NO,HO, 
and banc water. • j water I ^* S f PfOs 

. Bibasic phosphate of soda 2 eq. soda-f-l eq. 134.0 . .2NaO,P^05 

^ ,^^ 5:^i::;::::l:?:i+»e<,-n,,..jNa^Ho. 

Monobasic phosphate of soda i eq. soda-hl ei]. 102.7 .-.NaO^PaO. ^ 

866. Tribcuic Phosphate' of Soda, — 'fhis salt is made by 
adding pure soda to a solution of the' Succeeding pompound 
until the liquid feels soapy t6 the fingers, an excess of soda not 
being injurious. The liquid is then evaporated until a pellicle 
appears, and the crystals which form on cooling are quickly 
redissolved in water and recrystaJized,. 

It crystaltzes in colorless jsix-sided jslender prishis, which 
have a strong alkaline, taste and reaction, require 5 times their 
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weight of water at |50°, and still less of hot water, for solutiq^ 
ahd at 170^ fuse in their w^ter of crystali^atioh. Th6y may 
be exposed to a red heat without losing the characters of a 
phosphate. The feeblest acids dejprive the salt iof one-third of 
its soda. 

. The common phosphate of soda 6f the shops is a tribasic 
phosphate, but I eq. of its base is water. I^ is manufactured 
on a large scale by neutralizing with carbonate of soda th^ acid] 
phosphate c^ lime procured by the action of. sulphuric acid on 
burned bones. (504). It is generally-describied' as the neutral 
phosphate c^ soda, and £br -distii^ction^s sake is - sometimes 
termed rhon^iic phosphaiei from its crystals having the form of 
oblique rhombic prisma 

A third tribasic phosphate of soda is the salt commonly called 
biphosphate cf soaa^ or acid tripTiospkate of aoda and wateTf 
from its acid reaction. It Contains 1 eq. of soda and 2 eq. of water, 
and mdy be formed by adding phosphoric acid to a solution 
of carbonate of soda, or to either of the preceding phosphates, 
untU it ceases to give a precipitate with chloride of barium. 
Being very soluble in water, the sdution must b0 concentrated 
in order that it may crystalize. : ' 

Heated to 400^ this' salt parts with half its baflic water, and 
becoiftes a bibasic phosphate c^ soda, containing -for its base a 
single equivalent of soda and* water (85^; but at a red heat it 
parts with all iU water, and.is converted mto monobasic phos- 
phate of soda..* , ' ' . , 

All these three varieties of phosphate of soda give with the 
nitrate of silver a yellow precipitate (514) of tribasic phosphate 
of silver. 

857. THbatiePJiosphaU ofSodd^ 0ti4e vf Ammifmum^and Bane iPToar.—- 
' This salt is easily iNrepared by mixing iogfetber one equivalent of hydro- 
chlorate of ammopia and two equivalents of the rhom.Ijic phosphate of soda, 
^eaoh being previously dissolved <i|i a- small quantity of water. As the liquid 
cools, Mismatic crystals ef the'deublo. phosphate are deposited, while chlo- 
ride oTBodium remains in solution; Their primary form. is an oblique rfaombio 

'prism. .This salt has 'b^en lon^ known by the name of mitrocomnic ioft, 
ai^d is much employed as a flux m experiments with tlie bbwpipe. When 
heated, it parts with its water and ammonia, and a very fusible metaphoi^ 
phate of soda remains. , . . " ' 

858. Btbatie PhftphaU 6fSMi^—Thi^ salt is formed- by faeatmg the 
common phosphate of soda (SNaOjHO.PjtOiO to redness (856); both the 
water of cryetalization and. the l)asic^water are expelled, ai^d with jaitrate 
of sifver a white precipitate, the bibasic phosphate, is-formed, SNaPtPaO^, 
which by solution in water does noti^combine with basic water. Another 
bibasio phosphate contains one equivalent 6f basic 'Vvatei^ being composed 
thus, NaO,HO^ap5. - 

859. Menoba^ie Ehoipkate of Shdm.-^MonohaMC phosphate of soda, NaO, 
P2O5, may be jTormed by heating ^-rednesi either the variety of bibasic 
■alt last mentioned, or the. acid tribasic -phosphate, NaO, SIHO, P2O5, to 
expel all their basic water. It fbrnif with nitrate of stiver a white preeipU 

r 
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tate, which' remaina in. flakea, unlike the wfatt^ precipitate formed by -the 
bibasic (858) phosphate. * ' • 

860. 'TrUmsie Phosphate cflAtae, — This salt, oflen called Imne phosphate^ 
constitutes the ehief part of the splid .or ijiprgantc portion of the bones of 
animalsi mixed only with sinall. portions of carbonate and sulphiite of lime 
and flnoride oif caiciom. li is compoMjd of 8 equivalents of lime united 
with 3 equivalents of acid ; but is pnebflibly^ a compound of the two varieties 
of phosphate of lim? ^(dCSaO^aOs), aCaO,HO,Fa05, each of n^ch may 
bfi oUaineo- separately* ^ * . 

Themitaeral cialled apatUe, which is ^ond in hoxagfonal prisms oif a beau> 
tifcd screen oblor, ia composed «faae4y oftcibasio phoiqihate of ttmei , 

. AB,BENIATES.. 

861. Aasimo t&d resembles phosphoric acid in 'many of its properties^ 
particularly in its sCrong tendency to forin tribmsic arsemales. • . . 

- ManT of the arseniates bear a red heat without deoompoeition, or being 
otherwise modified in their characters ; but they are all decomposed, when 
heated to redness, along with charcoal, metallic arsenic being set at liberty. 
The arseniates of the fixed alkalies and alkaline earths require a rather high 
temperature for reduction; while the arseniates of the second class of' 
metals, as of lead and' copper,. are easily reduced in a glass tube by means 
of a spirit-Ump, without danger of melting the ghuM. . ' 

Like the tribasic phosphates, these salts may contain eifher 1 or 2 eq. of 
water in connection watq & ^zed bases So also those that liontain 2 eq: of 
basic WAter, like the corresponding phosphateii^ have an acid reaction, and 
were formerly considered as' biarseniates. 

The three tribasi^ arseniates of soda arQ compobed as follows : 

Names. , ^ Base. And, Eqaw. SlynMs, 

Tribasic aneniate of soda i.. .3 eq. + 1 eq. . .209.3 . .3Naa,As05 

rfc .!« * 5 JBoda»^'. . • i . '-S eq. J' ' , ' , Q- 5 2NaO,HO» 

1^« do. . < 'a^ 1 -^ /■ "P 1 eq.loi. . . < A« n 

T ' i water 1 eq. A ' I A82U5 

Tk M^ { soda . . . . .'i • • 1 eq. I , . icA*f - ) NaOJSflO, 

^o. further description bf these salts is necessary* 

862. Tribasic arseniate of lime is sometrm'es found native, and is called 
pharmaeolUs by mineralogists. The tribasic arseniate of lime is some, 
tinges found to replace the corresponding phosphate of lime in the bones of 
animals. 

. •" ARSENITES. 

863. TtfK arseniW are little known. One or two -only are* seen in 
common, as the arsenite of potassa and'of oxide of copper; the former of 
which is the aettve principle of Fowler*s arsenical solution, and tiie latter 
is used as a pigment '->''• 

.The common names 'for arpenite of copper is SeheeWs green. It is 
prepared on a large seale by precipitation from a soldtion of sulphate of 
copper and a mixture of araeniou^ aeid and pure carbona^ of potassa. 
Anothep j^reen pigment, xalled emerald green, is'' a definite oompound of 
acetiite of copper and the arsenite. 



343 MANUAL OF OHEMISTttT* 



CHR0MATE8. ' 



864. Thb salts of chromic acid are distinguished' for their 
Deautifui colors, most of them being either ;^ellow or red, -the 
latter color predominating when the acid i^ in excess. They 
mar ^ known chemicaSy by the« fbllowing character. On 
boiling a chrbmate in hydrochloric acid mixect with alcohol,, 
the chromic acid is at first set free and is then decomposed* a h 

green solution of ^e chloride of chromium belpg generated. ^ 

The €ftt\y native chromate hitherto discovered is the red | 

dichromate of protoxide of lead frpm. Siberia, in the examina- 
tion of which Vauquelin'made the discovery cf chromium. 

866. Churomaie c(f PoUufaa, — The neutral chrbmate, from - 
which all the compounds of chromium are directly or indirectly 
prepared, is made by heating to redness the native oxide of 
chromium and iron, commonly called chromate cf ironf with 
nitrate of potassa; when chromic acid is generated, and unites 
with the alkali of the nitre.* . The object to be held in view is 
to employ so small a proportion of nitre, that the whole of the 
alkali may coinbine with chromic acid^ and constitute a neu- 
tral chromate, which is easily obtained pure by solution in 
water and crystaJization. For this pur^se the chromate of 
iron is mixed with about a fifth of^ita weight' of nitre, and 
expdsed to a strong heat for a considerable time; and the pro- 
cess is repeated with those portions of the ore which are not 
attacked in the first operation. It is deposited firbm its solution 
in small prismatic anhydrous^^7sta]s of a iemdn«yellow color, 
the primary fojrm^ of which is a right rhombic prism. 

Chromate of potassa has a cooU bitter, apd disagreeable 
taste. It is sohibleto great extent in boilihg water, and in 
twice its weight of that liquid at ^; but it is insoluble in 
alcohol. ' \ ' ' 

866. Bichr&mate qf Po^owa,:— The ^bichromate of potassa, 
which is piade in large quantity at GlasgpWvfbr dyeing, is pre- 
pared by acidulating .the neutral chromate with sulphuric, or 
still better, with acetic acid, and allo^hig the solution to. crys- 
talize by spontaneous evaporation. When slowly foirmed it is 
deposited in four-sided tabulaf* crystals, the prinjary form of 
which is an oblique rhombic prism. They have an exceedingfy 
rich red color, are anhydrous-, and consist of one equivalent of 
the alkali, i and two equivalents of chromic acid. They are 
solttble in about ten times their weight of water at 60*^, and the 
solution reSdens litmus paper. ^ , ' 

The insoluble salts of chromic, acid, such as the chromates 
' of baryta and oxides of.zinc. lead, mercury, and silver, -are 
prepared by mixing the- solui^e salts of those bases with a • 

* This mineral is found abondanfly in various parts of the United States. 
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solution of chropiate of potassa. The. three former are yeUow, 
the fimrth orange-red,. and the fifth deep red or purple. 

867. Clir&mcU^ vfLead. — ^This is the beautiful yellovr pigment 
caiied chrome yellow. It consists of one equivalent of the acid 
and one equivalent <>f the protoxide of lead. .It is formed by 
mixing solutidn of chromate of poiassa witH acetate or nitrate 
of lead. ^ 

A bibasic or dicbromate, composed of one e(]tuvalent of 
chromic acid aeud-two equivalents orprotoxide of lead, may be 
formed by boiling the carbonate, of that o:(ide witii excels of 
chromate of potase^a. it m of .a beatttlfiil red oolor, and has 
been recommended as a pigment. > - . 

Chromate of zinc may be used for the same pnrpdse itf- the 
chromate of lead. 

BORATES. , ' 

868. The boradc is a feeble acid, and never neutralizes the 
alkalies perfectly ; and therefore when its slalts are digested 
with any of the more powerful acids^as the sulphuric or nitric, 
the -boraoicacid is separated from its base. This does not 
happen, however, at' high. temperalu)res(; for boraclc acid, owing 
to its fixed' nature, decomposes at ^ red* heat all salts, not 
excepting sulphates, the acid <of which is volatile. 

The borates of the alkalies aire sbTuble in water, but most of 
the othi^r salts' of this acid are of sparing solubility, Ti)ey are 
not decomposed by heat, and the aikidine azid* earthy borates 
resist the action of heat, and combustible matter. They are . 
remarkablv fiisible in^ the fir;e, a property obviously owing to 
the great fusibility of i>oraclc acid itselfl. 

The borates are .distinguished 'by the fcJiowing character: 
By digesting any borate in a. slight excess of strong sulphurio 
acid, eva|(>orating to dryness, and boilinff the residue in strong 
alcohol, a solution is formed, which has the property of burnmg 
with a' green flame. ; . 

.869. Biborqte of Soda. -^Thin sslU the. only borate of im- 
portance, GMCcurs native in some of the lakes of Thibet and 
Persia, and is' extracted from this source by evap<H'ation. ' It is 
imported from India in acrude.s^te, under the name oftindcU, 
which, after being purified, constitutes the refined Jbordx of 
commerce. It is -also prep&red ta some extent by neutralizing' 
the native boracic apid found in Tuscany with carbonate of 
soda. When exposed to heat ihe 'crystals are first deprived 
of their y^aterof crystalization,ahd then fhsed, forming a vitre- 
ous, transparent substance, called glaaa of borax. 

The chi^ use of borax is^ as a flux, and for the preparation * 
of boracic acid. IBiborate. of magnesia ^ a rare natural pro- 
duction, which ii known to miner^ogists by the aaoie of 
horacUe. . 
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' CAKBOI^ATEa. f 

870. The carbonates are distinguished fi^om other saTts b^ 
Jbeing decomposed with, effervescence, owing to .the escape, of 
carbonic acid gajs^by nearly all ^ the acids; and nearly all of 
them may be deprived of their acid by heat Steveral require 
an intense white heat to decompose them, but others, as the 
carbonates of lime knd magnesia, are reduced to the caustic 
state by-a full red heat. 

All the carbonates except those of potassa^ soda, ancl am- 
monia, are of sparing solubHity in pure water; but aH of th^n 
are more, or less solbbld in an excess -of carbonic acid, owing 
doubtless to th^ formation of-supersalts. Thujs, carbonate of 
liihe is nearly insoluble in pure water, but water impregnated 
with carbonic acid-dissolves a considerable portion of it, which 
however is deposited when the excess of acid escapes. Hence 
the water of m^y springs impregnated with this gas, deposite 
the carbonate of lime, &.C., which had been held in splution, on 
coming into the open air, fprming the niounds that frequently 
surround nuneral springs. ,r 

871. Several, of the parbonates ooeid:' native, sgnon^ which 
may be enumers^ted thh cai:bonatQ9 of soda, barj^ta, strohtia, 
lime, magnesia, and the protoxides of manganese, iron, popper, 
and lead ; together with somedoliUe cs(rbojpiates, such ^s d(^o- 
mite, the double carbonate of lime' and magnesia, and bary- 
tocalcite, the double carbonate of baryta and. lime. . ' , 

■ ■ ■ ' " . • ' 

872. Thd oomp6sitioD of someof the.pcineipal ^arbonttes is stated in tho 
fbUowingr table : , ' ■ 

Names. . Basi. Aeid. Equiv. . Symbeih' 

Carbonate.of potagsa; „ ! . . .1 eq. 4- 1 eq. . ^ 69.27. .- . .K0,C03 

Bicarbonate ofpotassa leq. + 2 eq* . . 91.39.'. . .KO^KX)^ 

Do. do. - in crystalfl with 1 eq.'of waCe^. .100.39 
Carbonate of toda 1 eq« + 1 eq; . ^ » 53.42. .:k .Na0,CO2 

Do. do. ;n6ryfltal8 with 10 <^ of wat^r.. 143.42 
' Da do. in crystals with 7 eq. of water. .116.42 - 
Bicarbonate of soda^ ..'....'. .1 eq. -i^ 2 eq. . . 75.54. . . .NaO,2C03 

Da . . da in crystals with 1 eq. of water. . 84.54 

Carbonate of ammonia. ]^ eq. -f> 1 ^* . . 39.^. . . .H3N,C02 

baryta . .1 eq. -f- 1 eq. ; . "98.82. . . :BaO,COa 

-^- strontia 1 eq. -j- 1 eq. . . 73.92. . . .SrO^COj . 

'■ — r. lime (marble) 1 Cq. + 1 eq» • • . 50.62. . . ^CaO.GOa ' 

■ magnesia. ......... -1 ejj. -+■ 1 eq« • • 42.82. . . .MgOtCOj 

, ^ ' » » . • 

873. Carbonate of Pofasaa. — This salt has a taste strongly 
saline, is slightly caustic, and communicates q green tint tothe 
blue color of the violet. It dissolves" in less than an equal 

. weight of water at 60°, deliquesces rapidhr on exposure to the 
air, and crystalizes with much difficulty from its solution. In 
pufe alooht)l.it is insoluble. It fuses at a full red heat, but 
undergoes ho other changk It is beHt obtained in ft state of 
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purity by calcining .tarl;|*ate of pot^ssa an the open air, by t^rhich 
the t$urtaric acid is decomposed and carbonic acid formed, 
which combines immediately with^ the potassa. The mass is 
then to be digested in pure water and filtered and carefully 
evaporated. . .\ .."''' 

874. The pohieh of commerce is procured from the ashes of 
land plants . by lixiviating them, and evaporating the solution 
to dryness. . It consists of carbonate of potassa, mixed with 
^variable proportions of other salts, and a minute quantity of 
vegetable inflammable matter.. Calcination at a moderate 
heat, burns oflf the coloring particles; and the salt' becomes -of a 
spongy texture and beautSul bluish-white tuige, and takes the 
na.me of pear lash. . r'* ^ . 

Most of the. potash ofcommerceis tnanu&ctured in the United 
States and the Qanadas, and in Russia. ' The Am^rician has 
the preference in the market, as containing less impurities than' 
the Europeaiu 

875. An iniitniineBf ealted an oUxiZtfrief er, has been invented by Faraday 
to determine the quantity of ireal carbonate of potassa or i9darin tne impure 
'carbonate, 'which is often important i 

Into a glass tubte sealed at one end, . ' ' ^ -Fig. 81. 

about 9i inches long, and $ 6f an indi in ' ' ~ 

diameter, and as cylindrical mb pospiUe 1000. 

in its whole l^ngtb^ pbur'lOQO grains of 
water, and with a file or diamond mark 
the place where its surface reaches^ and '' . > 
divide the space occupied by .the water . 
into 100 equal parts, nfi is shown in the ^^^ 

annexed wood-cu^ Opposite to , the, ^^^' • • 

numbers 23.44,. 48.96, 54.^3, and 65, . '^ 
draw a line, and at the first write soda, ' 
at the second potassa, at the third car- 
bonate of soda, and at the fouKh carbon* 
ate of potassa. Then prepare a dilute p^f j,goo 
aeid, having tbe specific- gravity of 1. 1 27 . i> IStq * V " * 
at 60°, which may be made by mixing ^^^' ooaa. . -^ 
one measure of concentrated sulpfaurio 
acid with four measures of distilled water. 
This is the standard acid to be used in 
all the- experiments, being of such 
strength, that whein poured into the tube 
till it reaches either of the fdur marks 
just mentioned, we shaU obtain the exact 
quantity which is noeessary forneutraU 
izing lOd grains of the alkali Written 
(^posite to it* If, when th^ acid reacfaea 
the wti^da edrb. jN)tes«i,.and when,, coUt 
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sequently, we have the exaet quantity Which will B6utrB]iz6 100 grains of 
that oarbonate, pure water.be added 4]ntil.it'relM^lie8 0, or the. beginning of 
the scale, each division of this mixture will neutralize one grain of carbon* 
ute of potassa. All that is now required^ in order' to aadnrtain the quantity 
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of real carbonate in any ipecimen-of pearlapb^ is to dissolve 100 grains of 
the sample in warm water» filter to remove all the Insoluble parts, and add 
the dilute acid in successive small quantities, until hy the test of litmus 
paper, the solution is exactly neutralized. Each . division ' of the niixtusQ 
indicates a grain of pure carbonate. ^ 

Carbonate of potassa'is used extensively iii the manufacture' 
ef glass and oT soap. For the manufacture of .glass tt^e finest 
pearlash is required. 

876. Bicarbonate of Potasia, — This salt is made by trans- 
mitting a current of carbondo acid' gas through. a solution of 
the carbonate; or by evaporating a mixture of the carbonates, 
of ammonia and. potassa, the ammonia being dissipated in a 
pure state. By ^ovf evaporation, the bicarbpnate/is deposited 
from thejiquid in hydrated^ prisms with eight sides, terminated 
with dihedral summits, the primary form of which is- a ];ight 
rhomboidal prisQK , 

It is also prepared in a very economical manner bf distillers, 
Iprom commpn pearlash, by subjecti^ig it in lumps to the action 
of the carbonic acid in their fermenting .vats, where .this gas is 
of course constantly liberated. In consequence of its having 
* received an additional quantity of gas, it has beep 'caHed cBrai^ 
kali, o)r more generally, eal^tsratus. 

Bicarbonate of potassa, though far.milder than the carbon- 
ate, is alkaline both to the taste .and to test paper. It does not 
deliquesce on exposure to the. air. It requires four times its 
weight of water at 60^ for solutionvand is much more soluble 
at 212° ; but it parts with some of it& acid at that temperature. 
At a low red heat it is converted into the carbonate. It is much 
used by bakers. \ - 

This salt Always coritaihs an equivalent of water, from which 
it cannot be separated without destroying the salt. ,It is there- 
fore supposed to be in reality a dduble salt, eomJK)sed of car- 
bonate of potassa and carbonate of water. Its composition, 
therefpre, ik ^0,00, + HCCOa. - ; 

877. Carbonate of Sodxi, —^The carbonate of soda of com- 
merce is obtained by lixiviating the ashes of sea- weeds, in the 
sajne manner as the carbonate of potassa is obtained from the 
ashes of land plants. It is tlie sal-soda or barilla of commerce; 
an inferior kind is also called Jcelp. 

Much of thecarbdnate of soda of commerce is manufacture^d 
. from the sulphate of soda that i$ formed from common salt, in 
the process for preparing hydrochloric acid (542). The *sul- 
/phate of soda is mixed with its own weight of chalk and half 
its weight of charcoal; and after being reduced to a fine pow- 
der, is exposed to fdH red heat for an hour, by which a black 
mas» is formed called black-ash', or British barilla, composed 
of sulphuret of calcium and< carbonate of soda, with excess of 
carbon and other sul^stances. This is then digested in water 
, and filtered, and the solution evaporated to dryness, and again 
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heated to redness with a fourth tjf its weight of saw-4ust, in 
order to convert aH 'the alkali into carbonate, and expel any 
sulphur that may remain. By £(gain digesting in water, filter* 
ins, axid evaporating, the. substance' called whUe-ash or soda'^ 
ash is obtained, containing "45 or 50 per dent^ of the real car- 
bonate. From this the pure carbonate is procured without 
difficulty. 

This salt erystalizes in octbhedrons with a rhombic base, 
the acute angles of which are generally truncated. The crys- 
tals effloresce on exposure to the air, ajld when heated dis- 
solve in their water of crystallization. By continued heat they 
are rendered anhydrous, without loss of carbonic aeid. They 
dissolve" in about two parts" Of cold,' and in rather le$s than 
their weight of ]30iling lyater, and the solution, hiets a strong 
alkaline taste and.reEu^tion. ,The crystals commonly found in 
commerce contain ten equivalents of water; but when formed 
at a temperature- of about 80^, they retaia only seven eijuiva- 
lent9. • 

The purity of different specimens of barilla, or other carbon- 
ates of soda^ may be aso^rtaihed by mieaiu? of the alkalimeter 
above, described. - " ^ , . 

' 878. Bicarbonate of Soda* — This salt is made by the same 
process as bicarbonate of potassa, and is deposited in hydrated 
crystaline grains }iiY evaporation. Though 'stilly alkaline, it is 
much milder than the carbonate; and far less soluble, ^requiring 
about ten ixmpt Its Weight of water at 60^ for solution. It is 
decomposed partially at 212^, ahd is converted into the carbon- 
ate by a red h^t. .... ^ , 

It is the salt used ^it)) tartaric acid in preparing the common 
efifervescing draught. : . \ 

In, consequence oJF the improved methods o^ preparing the 
preceding salt from whiclt this is formed, the price of it has 
fallen, during the last six t>r eight years, more than fifty .per 
cent. - - , 

Carbonate c/Afhmonta.T— The only method of preparing this 
compound is by mixing perfectly dry carbonic acid amd amino- 
niacal^ses. They combine only in the ratfo of one volume 
of tlie foriiier to two volumes of the latter, and condense in a 
white, light powder. ,It contains^ carbonic acid and ammonia 
in equiv^ent proportions, .but the body, in all probability, is 
not a direct compound of these ^substances a^ suchl ' 

879. Sesquicarbonate of pande of Ammonium.- — This is the 
common carbonate of ammonia, or sal volatile of the shops, as 
at first prepared. It is formed by heating a mixture of one 
part of hydrochlorate of ammonia with one part and a half of 
carbonate of Hme carefully dided. Double decomposition 
ensues during ^e process : chloride of calcium remains in the 
retort, and hydrated sesquicarbonate of a^hmonia id sublimed. 
The carbonic ac|d and ammonia are, Indeed, hi proper propor 
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tion in the mixture for forming the real carbonate ; but ft*om 
the heat employed in tbesubHmation, part of the ammonia is 
disengaged in a free state. — 

The salt thus formed consists of 34^3 parts or tvo equiva- 
lents of ammonia, 66.36 parts or three equivalents pf carbonic 
acid, and 18 parts or two equivalents of water. When recently 
prepared^ it is hard, coinpacti translucent, of a crystaline tex- 
ture, and pungent, ammoniacal.odor ; but if exposed to^he air 
it loses weight rapidly from 'the escape Of pure ammonia, and 
becomes ^n opaque, brittle mass, which is the bicarbonate. 

680. CarhonaU of Banfta. Qccuiia abimdantly in the. laid mines of the 
north of England, where it wai discovered by Withering, -and has hence 
received the. name of WiMcrtte. 

' CarhonaU of StropHa occQTB native at Strontiiuiv in^gylesbire, and is 
known by the name of tSKrontuintto. 

All the salttf of baryta are poisonous except those which are ahsohitely 
insoluble., 1 * i. 

881\| CarlwnaU tf lAmt, — ^This salt is a vei^ alxmdaiit natural prodiie- 
tion, and occurs under a great variety of forms, such as conunoD limestone, 
chalk, marble, and Iceland spar. ' >" 

• Qvtc^nM used in masonry is prepared irem this mineral a» above 
described (628), by expellhig the carbonic acid by heat. 

Carbonate, of Hiagnesia a£o occurs as a natural production, and is called 
mofiTieni^ by mineralctt^ists. . ^, ^ 

^2. CarbonaU vf ProtAxide of j&on.VCarbonic acid does not form « 
definite compouild wiu .peroxide of iron, but with the protoxide it consti- 
ttites a salt which |s an abundant natural production, occurring sometimes 
majsive, and at other tiities crystalized in rhombohedrona or hexagonal 
prisths. ' This ^rotoearbonate is contamed also in -most of the clialybeate 
mineral waters, being held in solution by free oarbc&ic acid ; and it inay be 
ibrmed by miking an alkaline ca^bon&te With thcv sulphate of pro^xide of 
iron. When prepared by precipitatibfi,.it attracts oxygen rapidly ^om the 
atmos^er^ and the protoxide* of ir<in, passing into the state of peroxide, 
parts With carbonic >acid. ^^ot this reason^ the carbonalo of iron of the 
PharmatopCBia is of a led color, and consists chiefly of the jwroxide. 

883. BUfane Carbonate of Fratoxide of Copper. — It occurs as a hydrate 
in. the beautiful .green miQeral caUed moKacAtf e ; add' the^ame compound, 
as a green powder, the mineral ^een of painters, mily fasa obtained, by pre- 
cipitation from iThot solution of^sulphate of protoxide of' copper by carbon- 
ate of eoda or pptassa.. When obtained from a cold solution, it fiills as a 
bulky Hydrate of greenish-blue color, which contains Vnore water than- the 
green precipitate, fiy careful drying its water may be expeUed. When 
die hydrate is boiled for a long time in- water it loses both carbonic acid 
and combined winter, and' the color changes to brown. The rust of copper, 
prepared .'by exposing metallic copper to air and mobture, is a hydrated 
dicarbonate. . * - ' » 

The blue-colered mineiy called Uut copper ore, appears to be a com- 
pound of hydratfj and carbonate of the protoxide of copper. 

The blue pigment called verditer, prepared, fay decomposing nitrate of 
' oxide of copper with chalk, has a similar composition. 

, 884. Carbonate of Protoxide tf htadt — ^This' salt, whieh is the toAite 
h&ad or cerueepi paintets, ooeiffs native in white prismatic ciystala derived 
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from, a- riifbt rhombic •ariBm, the «pecifie gravity of which is 6.72. It is 
prepared as an article' of commerce from the snbacetate by a eorrent of 
carbohic acid; by exposing metallic lead in minute ^division to air and 
moisture, and by the. action op tbin sheets o( lead of *^the vapor of Tinegar, 
by which the metal. is both ozydized and dbnverted into a earbonate. 

The while lead'of commerce is not a simple carbonate, bat is composed 
of variable mixtures of different basic carbonates. 

There are several double carbonates, but the uTost ImpoHant is the double 
carbonate of lime and magnesia, wbich occurs native and , is called by 
nuneralogisti,' hitter 9par, peatl ^par, and DolamUe* Magnetiian limestone 
is an impure compact variety. 
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•OKD^ER Ilr— HTDRO-SALTS. , 

-. "' 

885. In this section are included thosie salts only, the acid or 
base of whicli is Sk compound containing hvdrogen as one of 
its elements.. These are reduced to ^ smaU number, as many 
of the comt»uiida.that haire formerly been considered Aydro- 
chhrcUefi of ip^tallicoxides are found to be chlorides of the 
metals themselves.' ITljie same remark applies ^o the hydribdic, 
hydrocyanic, and other similar aoids. ' Th^ only salts, indeed, 
which are included in this class,- are the compounds of the 
hydracids with ammonia. Solme of the most important of them 
are constituted as follows : — » 

Ndmeg. Baie. -Seid. Equiv, Symboh. 

HydrochloratB of ammonia. - . . .'1' eq. -^ ^ oq . « . 53^7 . . H3N,HC1 

...1 eq.-hleq... 144.45.. H3N,HI 

. : . I eq. + 1 eq . . . ' 9^55 . . H3N,HBr 
.. leq. 4-leq... 34.95.. HsN^S 
. . .1 eq. 4- 1 eij. . . 84.09. .HsN.BF, 
. . . 1 eq. + 1 eq. . . 95l70. . HgN^SiF, 

886. Ui/drocfitorute of Ammonia.'-^This salt, the salaramontac 
of Commerce, was formerly injported from Egypt, where it is 
procured by sublimation from the soot of camel's dimg; but it 
IS now manufactured in Europe by^several -processes. The 
most usual is to decompose^sulphate of ammonia by the chlo- 
ride either of sodium (612) or magnesium, when double decotn- 
position ensues, giving rise in both cases to hydrochlorate of 
ammonia, and to sulphate gf soda, or sulphate of magnesia, 
according to which salt has been used. ,The s^l ammoniac is 
after wards obtained in. a pure state by sublimation. In Eng- 
Ismdit is obtained by lixfvi^ting the soot of coal, digesting with 
sulphuric acid, by which process, sulphate of ammonia is 
formed, and then subliming with common salt. 

Hydrochlorate of ammonia has a pungent; saline taste, has 
30 



Hydriodate . do. 

Hydrobromate 'do. 

Hydrosulpblite do. 

Fluoboratff do. 

FluosiiicateL 'do. 
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a density of L45, and is tough and difiBcult to be pulverized. 
It is soluble in alcohol and water, requiring fbr solution t^iree 
times it;s weight of water at 60^ and an equal weight at 212° 
It usually crystalizes frojni its solution- in feathery crystals, but 
sometimes in cubes or octohedrons. At a temperature below 
that of i^ition it sublinres without fusion pr decomposition, 
and condenses on cool surfaces, as an anhydrous salt, which 
absorbs humidity in a damp, atmosphere, but is not deli- 
quescent. 

It is said to receive its name, sal ammoniac, from the fact 
that it was first obtained' from the vicinity of the temple of 
Jupiter Ammon. . . • 

Hydrochlorato of ammonia is u^ed in medicine, and quite 
extensively in the arts. , • . - • 

It may be known, like all' the salts of ammonia, by 3rielding 
the peculiar pungent odor oi anunoiiia when triturated with 
recently-slaked lime. 

887. Hydro9ulphate of Ammonia,-^Thi9 da|t, ako telled hydrosalphuret 
of ammonia, an(( formerly tke fuming liqwn^of J^oijfle, is prepared by heat- 
ing a mixture of one part of 8a]phuc,<twp of sal ammonii^ and two of 
iiDslaked lime. It may also be formed by the .direct mnod of its constituent 
gases, and if they are mixed in a glass gkibe k$pt bool by ipe, the sak is 
deposited in crystals. It is much used assi reagent, ax^i for this purpose 
,is usually prepared by saturating s solu|ioff of ammcmia with hydrbsulphuric 
acid ^as. 



SECTION IV. 
OROElt III. — BULPRUa SALTS. 

• * i ' 

888. The ^OQipounds described in this section are double 
sulphurets, just as the oxy-salts in general are double ox|des. 
Their resemblance in composition to salts is perfect. 

The sulphurets entering into their composition, it will be 
recollected, are divided into two classes, called the stUphur' 
bases and the sulphur-acids (798). The former or electrO^posi- 
tive elements,>are the sulphurets of potassium, sbdium, barium, 
strontium, calcium, magnesium, and hydrosulphate of ammo- 
nia, and the latter, or electro-negative elements, are the sul- 
phjurets of arsenic, antimoiiy, tungsten, molybdenum, tin, gold, 
&c., and' hydrosulphuric acid, sulphuret of selenium, and bisul- 
phuret of carbon. The sulphur-saJts with two metals, are so 
constituted, that if the sulphur in e^ach were replaced by an 
equivalent quantity pf oxygen,' an oxy-salt would result (799). 

The sulphur-salts' may be divided into families, character- 
ized by containing the same sulphuf-acid. For the purp>ose 
of indicating that such salts are double sulphurets, as well 
as to distinguish them readily from other kinds of salts, the 
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generic name of each family is constructed from the sulphur- 
acid. 

Thus the salts which contain persulphiiret of arsenic, or hy- 
drosulphurio acid as the sulphulr-acid, are termed arsenio-sul- 
phttrels and hydrosuk^hurets ; and a salt composed of these 
dulphur-^cids with sdfphuret of potassium, is termed arsenio- 
sulphur d and hydrosidphuret of sulphuret of potassium. For 
the sakQ of brevity the metal of the base may iilpne-be 
expressed, it being underst6od that the positive metal in a 
sulphur-salt enters as a protosulphuret int6 the compound.' 
- The class of sulphur-salts= is somewhat extensive, including 
several families of hydrosulphurets, carbo-sulphurets, arsenio- 
sulphurets, &c., but most of them are of little practical import- 
ance. A single salt only will be described,- the 

889. I^fdrosulfhuretof' Potassium, — ^This salt is a compound 
of hydrosulphunc acid an4 "Sulphuret of potassium. It may 
be obtained in the anhydrous state by Introducing anhydrous 
carbonate of potassaintp a tubulated retort, transmitting through 
it a current of hydrosujphuric acid gas, and heating the sak to 
low redness. ' The mass becomes black, fuses, and boils from 
the escape of carbonic acid gas and aqueous vapor ; and after the 
ebullition, has eeased, the gas is continued to be tremsmitted, 
until the retort is quite cola. ' The resulting anhydrous hydro- 
sulphuret of potassium, though t^iack while in fusion, is white 
when cold, and of a crystaline texture; but if air had not been 
perfectly excluded, it has a yellpw tint, owing to the presence 
of some bisulphuret of potassium. 

The same salt is prepafed-in the moist way by introducing 
a solution of pure potassa, free from carbonic acid, into a 
tubulated retort, expelling atmospheric air by a current of 
hydrogen gas, and then saturating the solution with hydrosul- 
phuriQ acid; The solution should be evaporated ill the retort 
to the consistence, of syrup, a current of hydrogen gas being 
transmitted through the apparatus! the whole time; and on 
coolingr the salt crystsilizes in lar^e four or six-sided prisms, 
which are colorless if air was perfectly excluded. The crys- 
tals contain water of cr^^stalization, have an acrid, Bikaline, and 
bitter taSte, deliquesce 'in open vessels, and, dissolve freely in 
water and alcohol. On exposure to the air it acquires a yefiow 
color, from the formation of bisulphuret of potassium. 

Some of the sulphur-salts occur native ^s the^taopper pyrites 
of mineralogistSt which is a double sulphuret of iron, ana cop- 
per, and on the principles we have adopted, may be ealled ferro- 
sulphuret of copper. . ' 
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SECTION Y. 
ORDER IT.-^HALOID'SALT8, . 

890. In this seciioaaie incladod BubstanoeB compofled like the preceding 
sal^ of two bi-elemeotary compounds, one or both of which are analc^oos 
in compoeition to sea-salt. The principal groups consist, of daoUe chlo- 
rides, double iodides, and double fluorides. In these the halqid bases belong: 
usually to the electro-poeitive metals, and the haloid-acids to the metals 
which are electro-negative. 

Tliis order includes numerous &milies, as the' hydrargo^cblorides, aurp. 
chlorides. plati!io-io(}ide8, oxy-cblorides, boro-fluoridesj &.e. Many of the 
salts in this class, occur natiye, and several are used extensively in the arts. 

HTDRAltOO-CHLORIDES. 

891. TkE haloid'ftcid of this famify is bichloride' df mercury, which red. 
dens -litmus paper, and loees the property #hen « haloid-base' is present, 
thus bearing a close analogy to ordinary acids* ' 

There are five compounds known .to belong to this finaily, the 'most im- 
portant of which is the dihydrargo-ehioride of ^dro-ekloratejof ammonia^ 
which has long been kndwo under the. name of talt of tUea^dh, It is 
prepared by mixing- its ingredients in the proper atomic proportion, and 
setting the solution aside ta crystalize.' Its Symbol is 2(HsN + HCl)-f-Hg 
Qa, from whiefa its oombininjgf number may be readily calculated. 

• • PLATINO^CHIxOBIDBr - * 

892. PZatino-^MoHiey JEry<^r0eAZera<e;^XmmanJ<i.~-This Milt falls as 
a lemon-yellow powder when solution of ouil anUiioiiia Is poured into a- 
strong solution of the bichloride of platinum. It erystalizes in small octo- 
hedrons ftom ttr aqueous sohition by slow evaporation. This salt is always 
formed in the preparation of metallic platinum, from its ores, and when 
heated to redness, tne acid, chlorine, and ammonia are expelled, leaving the' 
metal in a spongy state (784). Its symbol n (H3N + HCl)+PlCla. 

OXY. CHLORIDES. / 

893. Chiemists are acquainted with a ccilisiderable number of oqmpounds 
in which a metallic oxide is united with a chloride either of the same 
metal^ which is the most' frequent, er o£ some other metal. These com- 
pounds are oommonly termed aub-muriates, on. the supposition' that they 
consist of hydrochlonO acid combine^ with two or more equivalents of an 
oxide. 

894. Oxy-ehlcride (f Copper. — ^This compound fMls as a green hydrate 
when potassa is. added to a solution of chloride of copper insofficient for its 
complete decomposition. When its water is expelled it becomes of a liver- 
brown colof . Qerzelius states it to consist of one equivalent of the chloride 
an^ three equivalents of oxide of copper. It is used as a pigment, under 
the name of Brunswick grein, being prepared for that purpose by exposing 
mebdlio copper to hydrM^oric acid, or. a solu.tioD of sal agomoniac. The 
same con^pound is generated during the corrosion of copper in sea-water. ^ 

895.^ Oxy^ehUnides of Jjead^ — A compound of one equivalent of proto- 
chloride to two equivalents oF protoxide of lead has been found as a odorless 
mineraL Another oxy-chioride with three eqoivakntt of the piotoxide is 
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prepared by ftddmgf pure ammonia to a hot solution of chloride of lead. It 
faHs tn a heavy white hydrate; ^ut oh ejupeUiog its water by ^cat, it 
acquires a pale yeHow color.-^ A third oxy-chloride, with a still larger pro- 
portion of oxide, is used as a pigment, undet the name ofmrneretl <a patent 
yellow ; and it Is prepared by ihe action of moist' sea-oalt oh litharge, by 
wlrich means porti(ms of the protoxide and sea-salt exphange elements, 
yielding soda and chloride of lead. Afler washing away the alkali, the 
mixed oxide and chloride are dried vid fused. - 

There are numerous other haloid salts, which cannot be here intro- 
dopeA. ' ; . . ^ • . 
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PART in. 

ORGANIC CHEFMISTEY^ 



CHAPTER I. 

ON THE GENERAL PRINCIPLES OF THE CONSTITUTION O 

" ORGANIC BOBIE& 



SECTION I. 

s 

GBKERAX. REMARKS. 

896. In the second |>art of this work, the chemical history of 
all known eletnentary substanceS|^ and that of many of their 
compounds, has been ^ven with as much minuteness as was 
judged consistent with its primary design, so far as their various 
actions upon each other are concernedf indtpendent cfthe^ prin- 
ciple of life, . . . > 

The department of organic chemistry comprehends the his-, 
tory of those compounds which are of animal or vegetable 
origin, and whicli are hence called organic substances. These 
bodies, viewed collectively, form, a >emarl?able contrast with 
thosfe of the mineral kingdom, the action of affinity in uniting 
their elements bein^ essentially modified by the principle of 
life. They in general consist of the same elementary princi- 
ples, oxygen, hydrogen, carbon, and nitrogen. Some few 
organic substances alsb contain j;^osphorus, sulphur, lime, &c., 
but the quantity is al we^s exceedingly small. . In iliis respect 
they differ essentially from inorganic substances. 

897. Organic bodies also usually contain a'much^eater 
number of simple atoms- than inorganic compounds. Thus an 
atom of albjamen contains no less than 883 simple atoms, (or, 
according to one author, 1765 atoms), and -an atom of sperma- 
ceti includes 431 simple atoms, numbers to w^ch we find no 
approxipation in any mode of combinatioji of inorganic com- 
ppunds. 

898. The eleinents of orgai)ic bodies ard united with each 
other in definite proportion ; and, therefore, the samo laws of 
combination which regulate the composition of mineral sub- 
stances must likewise influence that of organic compounds. In 
the latter, however, the modes of combination are generally of 
a complex kind, and iarc bu^ impeifectly understood. The 
'same difficulty occurs in inorganic chemistry when the com^ 
position is complex. A single molednle of a metallic oxide oir 

<3M) 
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Br chloride, a/determined f^ its comhinin^ Mreighti con£^St^of 
two elements, and usually of two or three atoms only. Thus, 
la an equ^val^nt of potassa, the chemist fias to do with a siJi^e 
equivalent of potassium and of oicygen, ^between which one 
kind of combination only is practicable. In an eqiHvalent of ^ 
sulphuric acid there are four atoms, which admit of three dif- 
ferent arrangements; for S and 30 may be united, as S-f30, 
or SQ+20, or SOa+O. - \. 

« But in organic conO^unds a single combining molecule is^ 
often made up of so many elementary particles, that one is; 
bewildered by the multiplicity of possible^ modes ef combina- 
tion. An equivalent of tartaric acid contains 4 equivalents of 
carbon, 2 equivalents of hydrogen, and'5 equivalents of oxygen, 
which it is obvious may be arranged in a variety of waya; and 
other nxore complex instances might be mentioned. 

Organic substances, owing to the energetic affinities with 
which their elements ar« endowed, ajce prone to spontaneous 
decomposition* f his is. as we- should expect; for the particular . 
order or manner in which the elements &re united having' been 
occasioned by the principle of- life, whcJn vthia principle has . 
<^ased to act, and the elements come again under the sole Influ- 
ence of their, affinities, a change in the order of their arrange- 
ment, or, in pther words, spontaneous decomposition, must of 
course take place. - " . .\ . '' ' . ^ 

899. Many of th^ principles or definite compounds .which ^ 
occur among organic bodies, it is very difficult if not impossible 
to obtain in a separate state ; others, because of : their crystal- . 
izing, or entering into combination with some other substatnces 
firom'which they may be separated, are more readily procured. 
Still others are yoiatile, and are formed or driven o£f at par- 
ticular temperatures,, and thus afford the chemist the means X)f 
procuring them in a state of purity. 

900. Tnere is great difficulty also Xh fixing upon a systematic 
arrangement of organic substances, in consequence of our want 
of knowledge of their real nature and relations. Thg^'first very 
natural division is into the two classes of vegetable stnd animal, 
accordiijkg as tliey are produced, in the vegetable or animal 
kingdom; but even £his simple arrangement is; jiot. without 
objection. It is, however,* adopted in this wolrK,' Ihoiigh some - 
substances wll require to be noticed in both divisions, and 
others, properly of animal origin, will most naturally be de- 
scribed in connection with vegetable bodies. It is hoped, how- 
ever, ftiat no inconvenience will be found to result from it. 

901* Formerly it was considered characteristic pf. organic 
ifub^tances that they cannot be formed artificially, bjF mrect 
^iiion of their elements; but a' few exceptions are now 
kaifown, as in the cage of urea and one or twb othef compounds. 

902. Mo^iy org^ic bodies are distinctly %cid, not only to the ^te, but 
possess other properties of acids : they.mdden the yegetable blue an^d miit« 
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with and neiitralizo the most powerful alkalies. .They are found both 
among vegetable -and animal .prodacts. 

Other organic principrea as evidently belong to the class of bases ; they 
are capable of forming- definite compounds with acids, both organic and 
inorganic, and neiltralizing them more or less perfectly. They ^re found 
chiefly if not wholly among vegetable bodies. 

A third group of organic <iompoands may. be denon|inated "neutral prin- 
ciples,** as being neither acid nor alkidine, A fourth group is. called ** inters 
mediate principles.** Some of the bodies included in it are capable of 
combining with acids and others- with alkalies, but their propecties are not 
sufficiently marked to entitle them to a place with either of these classes. 
In this work these two families are" described togethef. ' , 

Besides the above, the various oleaginous, resinous, and bituminous sub- 
stances, possess sufficient points of resemblance to entitle them to descrip-^ ' 
tion in a.single section. The compounds of the radical cyanogen are so 
numerous and important that they are also described together, -as in other 
works. 

d03. It has already been remarked (296) that .the systematic nomencla- 
ture does.not. apply to the names of the organic acids, which are generaUy 
derived from the substances from which they are obtained. Thos malic 
acid is so called because- it is obtained firom the apple, malutfi; so citric 
acid is obtained fromi the lemon, ejCron, and benzoic acid from gum benzoin^ 
&c The same might be si^d of the vegetable alkalies and other priiici- 
pies. Thus, cinchonia is obtained from the bark of the einehoma conda- 
minea^ veratria firom the vwatrum oZ&»fi|, salicin firom a species of saZix, 
dec 

904. In the names of the salts formed by the organic acids and alkalies, 
the same principle is followed as is observed in inorganic chemistry. Thus 
we' have sulphate of morphia, acetate of qninia, bitartrate of potassa, &c 
In the names of most of the compound radicals, hereafter to be described, 
no regular system has been observed. 

The laws of combination as heretofore ezjdained <328) apply to the various 
' products of organic bodieSt and symbols are also used in organic precisely 
as in mineral chemistry. . , 

905^ All organic oompoundr are decomposed by being heated to redness, 
whether in the open air, in contact with other substahces, or in close ves- 
sels'; and complicated changes oflen take place. This is called the 
destructive distillation of these substances. 

906. Organic bodies are also generally decomposed by the action of the 
stronger mineral acids, as the sulphui'lc and nitric, and hew and entirely 
different compounds formed. ^ . ^ 



SECTION II. 
COMPOUND RADIOALS. 



907. The term ** coinpound radical" is used, to denote individu- 
als of a class of compound bodies which possess the property of 
uniting with ' elementary substances, and forming- with them 
combinations th&t are analogous in their properties to copibl- 
nations of two simple bodies ; combinations therefore in which 
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(Jie etemmitaiT body maj be removed, and its place occoined 
by equivalent quantities of other -simple bodies. They arp 
Cftpableatso of uniting with' each other as well as with slm^e 
subsltancesi and ferming importatit' aad Btabte compounds. 
With 6xygea and sulphur they form acids aiid bftses, precisdy ' 
aa simplB bodies (796); and with hydrogen many of them fi»ra 
hydrainds,- ' 

908. The ^llonritig. table conUbs a few of \\K meet important ef theM 



tdined of Ih^ .EzisteDce; 

Etlwlo";....,. 29.48 .C.HjbrAe 

Aoetule? . . .". 37.48...- C,H, — Ac 

Cyanogen . I 86,39 ....... .CsN — Cy 

A?iid^ , 16.13.. .......NHa-^ Ad 

Carbonic oxide ; 14.1S.. ...... .CO 

MeUm .....;.-...■- 93a09 ( 

Melamine 131.63.... ... .< 

Ammeline ...: .^ I3S.41 .( 

Ammeli^ .'..3&T.1».«.....( 

Uraroile.... ,144.41.... ....( 

Bdjreitde.-.;...;. ,-....■... l9T»...i,....f 

BeniQle* : 106.68 ( Bt 

AWehyde :-.... iU8. ...... X 

903. The iBaDBerof pceparingMTeral «fthoaei>hioh ha*fl basn obtaiiied 
free trom otber aubstances, will bedescribed bereafter. The evidence on ^hlcli 
the nal eiiatence oftlioae wkich have not been obtained in a aepantc atata 
- reata, may bs aeen by reterring^ to a airlgle eiaiii{de. Benziile, composed 
orC,,H,Og ha9lieTerbeeniDsuiated,but ifwe treatoi>(?lM(terBliiioi>d*, 
CiiHgO^ by chlorine, We obtain a compound C,,H,0,Cl,~whicli giTea 
witA iodide or 8al|<hiiret of potassium, bodies whose fbrmulteare rospectiTely 
CiiHfOgl, andCi.HtOgS. Again, acted 'on by oxygen, it gives cryBtal. 
ized benrolc acid, CufTjO,, or tnlher CuTfjOj + HO, Now it-is eri 
dent that thnmehont tha whole series the eleaient,C,,HjO,, has remained 
■unaltered. In the oil It was combined wilh bydrbgvn, io'benioib atid with 
oiygnn, and in the-other eompounds nientioned, with iodine and aiilphiir 
respectively ; and in denominating it the root Or radical of alt these com- 

Guods, we bat give expreaaion to a determined fact. This radical, ai we 
ve already remarked, is called Benzule — symbol Gi — ^nd its compoondi 
named above may be written BzH, BzCI. Bzl, and BeO+HO. They are 
evidently the hyduret, chloride, iodide, and oxide of beozole, the .latter con. 
taining an atom of water of cryeializBtion. . 



* Theae compounda bare never yet bom obtained in 
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910. If from a compoand radical one or mo t. of .its constitoeAts' be 
remoYod, a new radical is'itometimes formed in a iteG or combined state, 
and sometimes a new compound of ahother radical. Thus, if we digest oil 
of bitter almonds, C 14^0031 with ammonia, all the oxygen is removed, and 
we obtain a compound of nitrogen with the base, G14H3,. which is evi- 
dently the radical of benzuie,- and whicUmay also be combined with 
other substances besides' oxygen, with which it forms benzule. So when 
the' bisulphuret of cyanogen is exposed , to a temperature of 266^, it' ia 
decomposed into bbulphuret pf carbon, snlphur, and mellone :— 4 atoms of 
bisulphuret oi* cyanogen, 4NCaSaB:N4C8S8, are resolved iBtoC2S4, S4, and 
IS^Cq, That is, the 4 atoms of bisulphuret of cyanogen are changed into 

2 atoms of bisulphuret of carbon, 4 atoms of sulphur, and I atom of meU 
lone ; — ^the biiBulphuret of carbon beings a new compound of a simple radical, 
carbon, and mellone being a new radicaL ^ 

Theory of Ty^s.— -Bodies are, said to be of the ^JBOff mtehameal type 
.when they contain the same number of atoms, and of the same ehemieal 
type when their various properties' are similar. Thus alcohol (C4H0O2) 
contains 12 chemical atoms; and when it is -converted into acetic acid 
(C4H4O4) no change in. this respect stakes place, but simply 2 atoms of 
hydrogen give place to 2 atoms of ojn^gen. • But the properties of acetic 
acid are entirely di£brent from those of alcohol ; these substances 'are there- 
fore of the same mechanical, but not of the same chemical type. When 
acetic acid is treated with chlorine, it loses 3 equivalents of hydrogen and 
gains 3^ of chlorine (C4H404-^H3-fCl3ssC4Cl3H04), formii^ chloro- 
acetic acid, whieh has the same mechanical type, that is, ihA same number 
of molecules or atoms as alcohol and. acetic acid. And in thys giving up 

3 eq. of hydrogen and acquiring as many of chlorine, acetic acid scarcely 
undergoes any change of propertiee,/and henoe is said to retkin the same 
chemical- type. So when ether (C4H6O) is treated with chlorine, the hy- 
drogen is replaMd by the samto number of atoms of chlorine, and the proper- 
ties of the new compound are essentially the same as those of the old ; both 
the mechanical and chemical type therefore remain Unchanged. 

911. This theory of types is found of great service in tracing the changes 
that take place among organic substances, as bodies of the same mechanical 
type containing radicals of the same type, when subjected to the action of 
strong affinities, by which their constitution is broken up, generally give 
rise to products which are formed upon the same plan, however they may 
differ in composition. ' - 

912. Sp fdso when bodies of the same chemical, though of different ma 
ehanical types, are submitted to the action of a£BjDities of equal power, th 
new products formed have generally the same rdations to each other tfa 
original bodies had, and the radicals are eiUier unchanged ot af» chang* 
in a similar degree. 
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.CHA.PTER II, 
VEGETABLE CHEMISTRY. 



' SECTION I. 

* ■ . ■ 

iSENERAL jEtEMARKS. 

913. Nearly all vegetable substances are composed .exclu- 
sively, of the thfeenelementary principles, oxygen, hydrogen, and 
carbon'; but Some* of them also contain nitrogen or sulphun 
In examining' vegetable substances it iajiecessary to distin- 
guish between proximate and ultimate principles. Proximate 
principles are such as are obtained immediately from the plant, 
as sugELT, starchy stnd gum ; but the ultimate principles are the 
elements mentioned adove, which are pbtamed only by the 
entire destruction of the compound.- Tfle proximate principles 
are sometimes distributed over the whole plant, but at others, 
they are contained only in particular' parts, as' in the fruit, the 
leaves, the fl'oweri the bark, the sap, or the root. 

914. The separation of the proximate principles of vegetables, 
constitutes th^r proanmote analysis;; and the reduction of prox- 
imate principles into their simplest partB is called their ultimate 
analysis. When the ultiniate analysis is made by heating to 
redness in close vessels, it is called the destructive distillation. 



SECTION -II. 

VEGETABT^E AX7IDS. 

. 915. Yegetaslb ACIDS are a class of bodies possessing the 
ordinary properties of acids (796), which are ^found ready 
formed iii .plants, either free or in a state of combination. 
These adds are generally more permanent than most^ other 
vegetable substances, but are all decomposed by a red heat or. 
boiling nitric acid. 

916. Many of the vegetable acids E^re polybasic (810), that is, 
a single equivalent of acid is capable. of combining with one, 
two, or three equivalents of base. Tho- salts of the bibasic 
acid!s may contain 2 equivalents of a fixed base, or one equiva- 
lent may be a fixed base while the other is water, as described 
under phosphoric acid .(510). So also in the salts of the'tribasic 
acids, one or two of the equivalents may- be of water, the rest 
belon^ng to a fixed base (514). Acid salts, either bibasic or 
tribasic, are such as contain water;, an equivalent of those that 
are bibasic cah of course contain only one equivalent of water, 
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while an equivalent of those, that are tribasic may have two 
equivalents of water. 

917. Several of the acids when exposed to a hurh temperature are decom- 
poeed, and new 'acMls Termed called mraeidt. Thus, tartaric acid, when so 
treated, yields pyraiartarie acid, and gaUic, mfrogaUic^ &.c ,The nature of 
the cfaanffe pr<Kiuced will of .course depend in a great measure upon the 

. degree oi heat which is used. Sometimes car'bon and. oxygen are given, off 
in the fornv of carbonic acid, and at othertf oxygen aiid hydrogen are expelled 
united as. wa^r. Sometimes both of these substances arti given off at the 
same time. . , , * 

918. The vegetable acids are very numMtms, aikcU but few of them can 
be described in this work. They may be ^divided 'into the -four classes of 
voUtile, fixed, oify«. and oompcrand acids. The spaces left in the table wiU 
indicate these ilivisioos. :' . 

Names^ Eqkiv. ^ SynAoh, 

Oxalic acid, 36.24....'.... 0^63 

Acetic. " 51.48. :....,. C4H3O3 

Succinic " *. 50.48 -C4H3O3 

Cmnphoric »' 92i2.. CoH^Oa 

Benroic V ,...ll4.6a ei4H603 

Cinnamic »• ,,,...,...> 14U6,..., ...X^^HTOa . 

Malic ••.... .... .... . ; .11«.$6 ..-.C8H4a« 

Citri6 .. •• 166.44 Ci-HsOii 

Tartaric » :. 132.96 iC8H4(>io 

Meconic »» i... 174.68 .Cj^HOn 

Cfallic " ...4A 67.84. C^HO, 

Amygdallc " . .«^. » .. ^k ... . . . > « /46^.80 ........ ..C4 aHo gOaa 

Tannic " .....187.16 ...CiaHgOj 

tlimic " .•.%..^ .352.80, C^^^gQ^^ 

Stearic " •..'*. 522.16. •- CtMe^Os 

Oleic :»' ......: 340.28..... '»..C44H3»04 

Margaric " ^ v. . . . • • .^75i)8. ....*. .C34HJ3O, 

Althionic " ......126.68 2(S0a) + C4H^O 4- 

'^ HO 

Oxalovinic " 118.96 2(0,03) + C4H*6 

. +HO 

Tartravipic ^ ..179.44. ... 2^Ha05)4. C4Hf 

. . O + HO 

919. The compound acids, it wilLbe observed^ are composed of a vege- 
table principle united with a mineral or strong vegetable acid. There ace 
various other compound acids besides- the above* 

. ■ ■ s 

OXALIC ACID. 

.920. This acid was first discovered by Scheele. it is said to 
occur as a nilnera) production in combination with' protoxide 
of iron in hiffmholdtine. 

It exists ready formed in several plants, especially in the 
runux acetosa or common sorrel, and in the oxaUs dcetosella 



V]16ETAB£.B' ACIDS. 361 

or wood sorrel ; biit it alaiost always occurs in combination 
either with lime or potassa. These plants contain^ binoxalate 
of potassa; ^nd the oscalat^ of lime has be^n found in large 
quantity in several species of lichfen. . - - 

921. Oxalic acid is easily made "artificially by digesting sjogar 
or pptatoe starch in five or six times its weight ^ nitnc acid» 
and expelling' the excess of that^cid by distillation, until a 
fluid pf the consistence of syrup remains in the retort. The 
residue in cooling yields crystals of oxalic acid, the weight of 
which amounts to iiearly half the <)uantity of the sugar or 
starch employed. They should be purified by repeated sblui 

' tion in pure, waterj arid re-orystaUzatlon. 

The production of oxalic ^cid firoin 'organic matter by this 
method is a consequence of the oxidation of the elements of 
the latter by the oxygen of the nitric acjd. 

Many organic substances besides sugar, such as gum, most 
of the vegetable acids, wool, hair, and i^lk, are converted into 
oxalic by the action of nitric acid ;<-^a cireuilistance which is 
explicable on the fact that, oxalic acid contains more oxygen 
than any other principle, whether of animal or vegetable 

origin. It is also' generated; by heating. organic substances 
with potassa. " : y " ' .• 

922. Oxalic _ficid crystali^es in slender, flattened four and 
six-sided pristps, telrmihated^ by two-sided summits;, but their 
primary form is an oblique- rhombic prisin. It has an exceed- 
iaglx sour taste, reddens Iftmiis paper strongly, and forms 
neutral salts with alkalies. T^^ crystals, which consist of 1 
equivalent of raalacid and -3 of water^ undergo no change in 
ordinary states of-the air'; but effloresce slighuy in a very dry 
and warm atmosphere. It possesses considerable volatility, and 
may be slowly, sublimed. : " . ; . - 

^ This acid taken internally 19 a rapid and fatal poison ; and 
frequent a(5cidents have occurred from its being sold and taken 
by mistake for Epsom salt, with the appearaace of which its 
crystals h^ve some resemblance. These substances may be 
easily distinguished,'" however, by the rStrorig acidity of oxalic 
acid, which may be tasted without -danger, while sulphate of - 
magnesia is quite .neutral* and has a bitter saline taste. 
. Wheii the acid has been accidentally swallowed, copious 
draughts of lime-water, or powdered chalk and water, should 
be administered, and vomiting excited as soon as possible. 

923i- Osralic acid is easily di^inguished from* all other acids 
by the form of its crystals, and by its solution giving with lime- 
Water a white precipitate,' which is insoluble in an excess of the 
acid. Wheri the ^cid is contained in mixed fluids, it may be 
conveniently precipitated by nitrate of oxide. of lead, care 
being taken beforehantl to neutralize the solution with a little ^ . 
carbonate of soda. The precipitated oxalate of oxide of lead, 
afl;er. being well washed, and while yet moist, is suspended- in 
31 ' 
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water, and decomposed by a current of bydrosulphuric acid : 

the clear liquid is poured o& or filtered from the sillphufet of 

lead, and concentrated by evaporations that crystals may form. | 

These may be purified by solution in pure water and second 

crystalization. 

Ab an equivalent of oxalic acid contains 2 equiValenta of carbon and 3 of 
oiygen, it may be regarded either as a direct ^Compound of ^rbon a^d 
oyygfen, indicated by Uie formula C2O3, or as a compound of carbonic oxide 
and carbonic acid, denoted by CO,COa. It is converted into these sub. ! 

■tanoev by the action of heated stdphuric acid. i 

Oxalic acid, t>r any oxalate, if soluble, may always be detected by adding ' 

to the solution a jieutral, salt of lime or oxide of lead, when a white oxalate 
of the base used will be thrown down. 

934 Oxalatet 0/ PouUbo. — Oxalic acid forms with potassa tbrei^ com- 
pounds. The first is the neutral oxalate, which is' formed by neutralizing 
carbonate of potassa with oxalic acid. It cirystalites in obKque <^uadraji. 
gular prisms, which have a coolixig, bitter taste. Th!s salt is much em- 
ployed as a reagent for detecting lime. The hvnoxidiste is contained in 
sorrel, and may be procured ^rom that plant by solution and crystalizaftion. 
It crystalizes readily, in small rhomboids, which are less soluble in water 
than the neutral oxalate^ .it is oflen sold under the namQ of es9ential\aU 
sf Unions for ^removing iron mould, stains of inlc, &c.,.from linen, — an 
effiffit which it produces by half of its acid unitiiig with the peroxide of iron 
and forming a soluble oxalate. The quddroakUUe is the ieast soluble of 
these salts, and is formed ^ digesting .the binoj^alate. in -nitric acid, by 
which it is deprived of half its base. • 

925. Oxalate of Ammonia, — This salt, prepared ^y. neutralizing ammonia 
with oxalic acid, is much used aa a Teag^njt; It is veir soluble in hot water, 
and is deposited in acieuhir crystals when a saturated hot isolutioii is -allowed 
to cool. It is much used as a fest for lime; itod alsp'tojBepari^te lime from 
magnesia. r . * . 

' 926. Oxalate of Unu, — ^This salt, fike/dt the insoluble opcalates, is ea^ly 
prepared byway of double decomposition. It is a white finely-divided 
powder, which is remarki^le for its extreme insolubility, in pure Water. On 
this account a soluble oxalate is an exceedingly delicate test for. lime. It is 
soluble, however, in hydrochloric and nitric acids. < It may be exposed to a 
temperature' of 560^. without decomposition, and lb then quite anhydrous. 
Nobinoxalate of lime is known. ' * 

This salt is interesting in a pathological point of view, because it is a 
frequent ingredient, of urinary concretions, being tiie basis of what is called 
the mviberry calculus. It is i^lso found in sevepil species ^f lichen. 

927,' CMorO'Carhonic Adid,-. — This substance has been called phosgene 
gqs. It is form^ by exposiftg equal measures of dry chlorine and cart^nic 
oxide to.su^nshine, when combination ensues, and they contract to. half their 
vplume. 

It is a colorless gas, and has a strong disagifeeaUe odor. • It jnay be 
viewed as carbonic add, in which one-hali of the o^gen has been replaced 
by chlorine. CO2— O-hCl=C0,Cl. ' 

ACETIC ACID. 

928. Acetic acid exists ready formed in. the sap of inaay 
plants, either firee or combined with lime or potassa; it is gene 
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rated during the destructive distillation of vegetable matteir, 
and is an abundant product of the acetic fermentation. 

This acid forms tfie addifying' principle of common vinegar, 
of which it constitutes abiout one-twentieth part. Vinegar 
contains also considerable saccharine and'mticilaginoUs matter. 

Vinegar, as the' name derived from the French, vin aigre^ 
implies, is formed firpm wine in, many countries, but 4s often 
made also by subjecting malt liquors or cider to the free access 
of atmospheric air. v , ' 

AlMiquids indeed which are capable of the vinous fermenta- 
tion may^be made to produce this acid; the sugaf or starch 
'which they contain is first converted into alcohol, and afl^r- 
w^rds by oxydation into acetic acid. 

.^ IB now well ascertained that the change froqi alcohol to- acetic acid 
consists simply in the removal of 2 equivalents of the hydrogen of the alco- 
hol, and additicm of 2 eq. of dxyge^ ^ these changes not l^ing simultaneous, 
but successive, aldehyde being th6 intermediate product Thus alcohol, 
G4^60s, by losing 2 ,eq. of hydrogen, becomes aldehyde,' €411403; and 
this, by absorbing 2 eq. of oxygen, forms bydrated acetic acid« C4H404«s 
C4H3O3-I-HO. 

> The abscess of atmospheric air is abdblutely essential 
to the formation of vinegar by tbe ordinary process, as 
is well known ^ and its production is much filcilitated 
1)y- a method invented in Germany. A cask, as seen in 
figure 85, is fiHed witl^wo^ shavings, and Qlose4.at top 
by a pan i, the,ly>ttom of which is perforatedwith many, 
small hqles, through Which small Uireads are p|issed.to 
conduct the liquid downward* The shavings being first 
well soaked in vrilegar, are placed lightly in the cask, 
and below them are several small holes ee about half an 
inch in diameter, to admit the- free accession of aiF. If 
now;probf spirit diluted, with four times its weight' of 
water, and having mixed with it a very little honey or 
yeast, is poured info the pan >ibove, it gradually trickles down upon the 
shavings, where a large surface being exposed to the atmosphere^ rapid 
absorption of oxygen takes place, the temperature is raisedi'and acetic acid 
is rapidly formed. As the liquid passes down it is collected in the vessel a ; 
and when passed through three or fbur times, which requires but about 36 
hours, it is converted into, excellent vinegar. t ^ 

The acetic acid now generally employed for chemical pur- 
pp.ses or in the arts, i» prepared by the distillation of wood, and 
is £(Old under the name oipyroligneoua acicL .« 

929'. Concentrated acetic acid is best obtained by decom- 
posing the acetates either by sulf^raric acid, or ia sOn)e in- 
stances by hamt. A convenient process is to distil acetate of 
potassa with half its weight of ^concentrated, sulphuric acid, the 
recipient being tept cool by the application of ice. The acid Is 
at first contaminated with sulphurous acid; but by mixing it 
with a little peroxide of manganese, and redistilling^ jt is ren- 
dered quite pure. A strong acid may likewise be procured 
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from-aeetale of oxide of copper by the sole action, of heat. 
The acid when first eoJlected nas a greenish tint, owing to the 
presence of copper, from which it is freed by a second distilla- 
tion. Pyro-ac^tic ether is formed towards the close of the 
process. ' , . ' 

930. Strong acetic acid is exceedingly pungent, and eyen 
raises a blister when kept for some time in contact, with the 
skin. It hais a very sour tiaste, and an agreeable, refreshing 
odor. Its acidity is well mar^^ed, as it reddens litmus paper 
powerfully, and forms neutral salts with the sdkalies. It is 
exceedingly volatile, rising rapidly in vapor at a. moderate tem- 
perature without undergoing any change. Its vapor is inflam- 
niabte and burns with a white light. In its most. concentrated 
form it is a definite compound of one equivalent of water, and 
one equivalent of acid ; and in this state it ci^stalizes when 
expos^ to. a low temperature, -retaining its solidity until the 
thermometer rises to SOP. It is decdmplbs^ by being passed 
.through rcMl-hot tubes, but owing to itfs volatility, .a'large quan- 
tity of it escapes decomposition. 

Hydriited bcetic aetd, when f^ from ekceas of water, cryvt^Kzefl at about 
50° in hrge white plates, and is hence called glacial acetie acid. In the 
liquid state it is capable of dissolvingf camphor, and the eese nt ial oils, and 
▼arious resins. Saturated with oathimor or some oil, it oonstltates dromatie 
vinegarf and is used as a stimalant agfainst fUntidg. 

The drily correct mode of e8tlroatin|r tlie'stre^iiffth of .acelic acid Is by its 
neutralizing power. Its specific gravity is no criterion. 

931^ Acetates of Prqioxide hf Lead.-r-'The if^utreil acetate^ 
long known by the name of su^ar of t^ad,is made by dissolving 
either" the carbpnate or litharce in distillecl vinegar. The solu- 
tion rhisis fi sweet, succeeded l)y an astringent taste, does not 
redden litmus paper, and deposited shining acicular crystals by 
evaporation. -When m(tre regularly crystalized, it opcur.s in 
six-aded prismatic crystals, c'leaveable parallel .to the lateral 
and terminal planes of b right rhombic prism, which may be 
regarded as its primary form. The crystals effloresce slowly 
by exposure to the air, and require about four times their 
weight of water at 60° for solution. 

This salt is partially decomposed, with formation of carbon- 
' ate of oxide orlead, by water which contains carbonic acid, or 
by exposure to the air ; but a slight addition of acetic acid ren- 
ders the solution quite clear. . It is much used in the arts, in 
medleal and surgical practice as a sedative and astringent, and 
in chemistry as a reagent. ... 

It is poisonous if t^ken internally. 

Besides the neutral acetate there is a seaqvJ^HiHc and a tri 
basic acetate, neither of which, however, possesses any special 
interest. The tribasic acetate of lead, the eoptractum saXtmn of 
the Pharmacoj)i«, is the base of Goulard's e^ract. A sexbasic 
(icetate^U is ^^d, has also been formed. 
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932. Acetate of alumina and acetate of baryta are - used as 
mordants by dyers and calico-printers. 

Acetates of Copptr. — The neutral acetate pf copper may be 
formed either by dissolving protoxide of copper or common 
verdigris in ace(ic acid, or by decomposing the sulphate by an 
equivsdent quantity of acetate of oxide of lead. On evapora- 
tion it readily crystalizes in oblique rhombic prisms of a dark 
green color, which contain a single equivalent .of water. I( 
Eowever, the temperature of the solution is below 46°, the form 
of the crystals is varied and they contain 5 equivalents of water, 
and are of a blue color. 

The Inbaxic acetaie of copper is the welKknown verdigris 
used by. painters. It. is prepared in large quantity in the south 
of France, by covering copper with the refuse of the grape Eifter 
the. juice has bedn extracted ^r making wine: the saccharine 
matter contained in the husks ftirnishes acetic acid by fermenta- 
tion, and in four or six weeks the plates acquire acoaiing pf 
the apetate. , A purer and better article is prepared by covering 
copper plates with cloth soaked in pyrpligneous acid. 

The sesquibaMc apd tfibasic, acetates of copper possess no 
peculiar interest.' 

* . SUCCINIC^ ACID. 

■ * • . ■ • 

933. This acid is procured i)y heating powdered amber in a 
retort, by a regulated temperature, when the succinic acid, 
which exists ready, formed in ^mber, passes over and con- 
denses in the receiver. As first obtained it, has a yellow color 

. and peculiar odor, owing tathe presence of some empyreumatic 
oil; but it is rendered quite pure and white by being dissolved 
in nitric acid, and then evaporated to dryness.*' The oil is 
decomposed, and the succinic acid is left unchanged. 

Succinic acid has a sour taste, and reddens litmus paper. It 
is soluble both in water and alcohol, and crystalizes by evapo- 
ration in diihydrous prisms. When briskly heated ft fuses, 
undergoes decomposition, and in p^rt sublimes, emitting a 
peculiar and very characteristic odor. 

934; Succinate ofxAmmonia is' used in analysis to separate 
-iron from manganese. 

CAMPHOR IP ACID* 

This compound has not hitherto been found in any plant, and 
is procured only by digesting camphor for a considerable time 
in .a large excess of nitric acid* As the solution cools, the cam- 
phoric acid separates out in crystals. It is sparingly soluble in 
water, fuses at ]45^, and sublimes at a temperature by no 
means ^elevated. Its t^ste is racther bitter, and when quite pure 
has probably no odor It reddens litmus paper, and combines 
with alkaline bases, forming salts which are called campho*** 
31* 
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atest those with the alkalies are very 4K>Iuble. and even.delU 
quescent, but with oxide of lead it forms an insoluble compound. 

• 

BENZOIGAGID. 

935. Benzoic acid exists in gum beiisfoih, in istorax, in. the 
balsams of Peru and Tola, and in several other vegetable isub- 

stances, - - . \. 

This acid is commonly extracted from gum benzoin. The 
usualprocess consists in boiling finely powdered gum benzoin 
in a large quantity of water along with lime or ca'rbonate of 
potassa, by which means a benzoate is formed. To the solu- 
tion, after being filtered and concentrated by evaporation, 
hydrochloric acid isT added, wjiich unites with th^ base, and 
throws down the benzoic add. It is' then dried by ag^ntTe 
heat, and purified by sublimation. 

936. Benzoic acid has a sweet and aroinatio rather l^an a 
sour taste ; .but it reddens litmus paper^and neutralizes alkalies. 
It fuses readily by heat, and at a temperature a little abdye its 
point of fusion it is converted into vapor, emitting a peculislr, 
fragraot, and hie^hly characteristic odor, and condensing on 
cool suiffaces winiout change. % When strongly heated it takes 
fire, and burns with a clear, yellow iiame. -it midergoes no 
change by exposure to the ailr^ and is not decomposed by the 
action even of nitric acid. , It requires aiiout 24 parts oif boil- 
ing water Ibr solution, and nearly the whole of it is^ deposited 
on coblhig in the form of minute acic'ular crystals of a silky 
lustre: It is very soluble in al6oh'ol) especially by the aid m 
heat . ' 

Fig^.B6. Thd sablimation oftfais acid miij be beautifully sbown by put- 
ting et small quantity of it upon a plate of metal ob a stand and 
plilcing over it* a glass receiver, b)iving suspended in ' it' a small 
twig of mint or other substance^ as shown itk figure . 86 (from 
Wc^Mrter's Chemistry), and apply Ing.tbe fa^at of a lamp benca|h it 
In a short time the leayei»will be cbver^d with- delicate crystals 
of the wid. • ' - . . ■ ^ 

' • « ^ - 

937. Tbia acid ^s considered an 6zide of the Compound radical 
benzule (G14H4O2), which has' already- bqien m^ntidnedj; Oil-.of 
bitter almonds, C| 4HQO2, is a hyduret 6f- this radical, from which 
the chloride (909), iodide, sulphuret, cyanide, jand numerous other com» 
pounds of benzule, may be prepared. But th^. are not of sufficient import, 
ance to be here described* - - , . 

CINNAWJC ACID. . ' ' 

- ■•-, . . ■_ -■ ■• 

938. This void (C11H7O3), is fprmed w)ien toil ofciQiitmon is. long 
exposed to the action of the atmosphere, and -by other means. By the first 
metliod it forms in long translucent prisms, which are slightly soluble' )n. 
cold or warm water. It is an oxide of the compound radical einaamule 
(Ci,H,02>. ' 




VEQETABLB ACIDS. 36"/ 

■* 

, ' - MA Lid ACID. . 

- • ^ * 

939. This is a bibai^ acid. It is contained in mest of the 
acidulous fruits, bein^ frequently associated with tartaric and 
citric acids. Grapes^ puf rants, gooseberries, and oranges corh» 
tain it. Vauquelin found itip the tamarind, mixed with tartaric 
and citric acids, and In the house«le#k {<temiper't99uan tectoriMit} 
combined with lima It. is contained in considerable quantity 
in app]ei$, a circumstance to which it owe9 , its. name. It is 
almost the sole acidifying principle of i:he berries of t]ie mouo^ 
tain ash or service tree {sorbus aucuparid). 

Malic acid possesises strong acimty, and a pleasant flavor 
when diluted. It. crystalizes with difficulty, attracts moisture 
from the air, and is very 30luble<in wate^^ and alcohol. Its 
aqueous solutionis, decomposed bry keeping, ^nd it is converted 
into the oxalic by digestion in strong nitric acid. 

Malic acid forms j¥ith bases numerous salts, which,, however^ 
ar6 of Jittl0' importance. . . 

CITafC ACID. ' 

940. This acid is contained in many of the ^ acidulous fruits, 
but exists in larqe quantitj^ in the jdicerof the lime and lemon, 
from Vhicb it- is .procured" by the following process: - To any 
quantity of lime or lemon juice, finely. ppwdered chalk is added 
aslong as, effervescence ensues ; and the insoluble- citrate- "of 
lime, after being well ..washed with water, is' decompoi^d by 
digestion in dihite sulphuric acid. ' The insoluble sulphatie of 

, lime is sep^riited by a filter, and 'the t^ric.acid obtained in 
^crystals, by evaporation. 'They are rendered quite pure by 
' bdng dissolved iii water and recrystali^ed. , 

Citric "acid crystalizes in cooling from a hot saturated solu* 
tion in crystals which consist of I eq. of the anhydrous acid, 
and 3, 4, or 5 eq. of water, according to .the tertiperatune at 
which they are formed. .. ..>^/ ►^ . ^ 

941. Citrio acid has a strong sopr taste^ with an agreeable 
flavor when diluted, reddens litmus paper,^and neutralizes alka- 
lie^. In a dry state it may be preserved for ^ny length of time, 
but the aqueous solution Is gradually decomposed by ke^pmg. 
The crystals: are soluble ift an equa) weight of cold nnd in 
half their weight of boiling watej?,-and are also dissolved -by 
afcohol. It is converted' into the oxalic .by digestion in nitric 
acid. ^ . . • - 

Citric acid is characterized by its flavor, by^ the form of its 
crystals, and byTonning an insoluble salt with lime^ and a deli- 
quescent, soluble one with potassal It does itDt render lime* 
water tmrbtd aniess the latter is in excess, and'tkdly saturated 
with lime in the cdd, . ' - 

This, acid is used in calico-'printihg, and for medicinal and 
doiqestic purposes, instead .of lemon jiiice. ... 
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Citric acid \xAtkg triboMc forms numeroas acid and basic aalto, accordiii|r 
as -the J contain more or less of combined wiijler (514), bnt they are not 
described in thb worlr, m none of them possess .any special interest. 

, . ^TARTARIC ACID. . ". 

t^3. TMaric acid is bibasic. When cnrstali2ed it ahirays 
eontains 2 eq. of -water united with 1 eq. of the aoid.. It exists 
jn the juice of several aeiduloos'fruits, sometimes fise, but gene- 
raUv in confibinatioa'with lime or potassa: 

The tartaric add of commerce is obtained from the juice of 
the grape, 'in which it exists in great abundance, combined 
with potassa. When the juice is pressed from the grape, the 
salt is held in solution, but being insoluble in spirituous liquor, 
as the fermentation 'progresses, it is gradually deposited- in irre^ 
gular cryatahzed' layers on the inside of the casks in .which 
the wine is mada Thissalt, containing 1 eq. 6f fixed base and 
1-eq. of water, is always acid; and by neutralizing with Jime 
and decomposing the tartrate of lime'b^ sulphuric acid, the pure 
tartaric acid is (Wtained, which is easily <5rystalizea by evapo- 
ration. . 

$43. Tartaric acid has a sour taste, which is. very. agreeable 
when diluted with^water. It teiquires five or six times its 
weight of water at 60^ for solution, but. Is much more soluble 
in boiling water. The aqueous solution is ^s^dually decom- 
posed by keeping, and a similalr change is experienced, under 
the sam6' circumstances, by most of the tartrates. The crys- 
' tals may be exposed ' to fiie air without change. Th^y are 
converted into the' oxalic by digestion in. nitric acid. 

Tartaric acid cannot be deprived Of Its water of crystaliza- 
tion, except by uniting ivith. an alkaline base: on attempting 
to expel it by heat, Ehe acid fijses' and is decomposed, yield- 
ing, if air 19 excluded, the usual products of dei^ructive distilla- 
tion, together with pyrotartaric or tartraHc acid.(9iT). A 
large residue of charcoaLis obtained. 

944. Tartaric acid is distinguished from other acids by forming 
a white precipitate, acid tartrate of pota9sa, when mixed with 
any of. the -salts, of that alkali.- This acid, therefore, separates 
potassa from other acids; It occasions with lime-water a white 
precipitate, which is very soluble in an excess of the acid. 

945. Tartrates of Potom.— There are two tartrates of potassa^ the acid 
tartrate and the neutral tartrate. -The former is composed of 1 eq. of the 
acid united with 1 oq. of potassa -and I eq. of water, and is distinctly acid. 
It is the cream of tartat of commerce, and in books is often described as a 
bitartrafce of potassa. 

Cretm of.taVtar i* very sparinjfly soluble in Water, requiring 60 parts of 
cold and 14 of boiling- water for solution, and ia deposited from the latter 
on cooling in small crystaline grains. Its crystals ace commonly irregular 
six-sided prisms, and its primary form is either a right ,rectangu|Ar, or a 
right rhombic prism* Its water ofcrystalization- cannot be expell^ without 
decomposing the salt itself. . . - ■ . 

When this salt is exposed to heat, it is decompioaed with the formation 



YEOE'TABLE ACIDS. 360 

of carLonafe potasm, which maybe obtained very pure by filtratioiL Henoe 
itsname, fol/ b/tortor. * . _ . ' 

The neutral tartrate of potassa, called ulso aolvhle tartar, is formed bj 
adding cream of tarku* to a hot solution of carbonate of potaBsa. It is 
neutral in its ireaction. ' 

946. Tartrate of ^oto«a0Uifu2'iSSM2a.^TbiskidouUe salt, which has ^n » 
long employed in medioine under the name oiSUgn^tU or RoeheUe SaUf is 
prepared by neutralizing acid tartrate of potassa with carbonate of soda. 
By evaporation it yields prismatic crystals, the sides of which ofren amount 
to ten or twelve in number ; but the priniary form, as obtained b^ cleavage, 
is aright rhombic prism.^.. , . .. ^^ , ^ . ^ 

It may be formed extemporaneously by. dissolving cream of tartar in 
water, an^ pouring into it solution of bicarbonate of l^a, and drinking 
during the eflfervescence. 

947: Tarthie. of Oxide of AMimom/ and Putasaa^ — This compound, long 
celebrated as a raedieinal preparation under 'the. name of tartar emetic, is 
made by boiling sesquiozide of antimony with a solution of acid tartrate of 
potassa^ The oxide of ajDti|n<>ny evidently replaces the eq. of water in the 
cream of tarti^. 

Tartar ometic yields crystals; which are transparent when first formed, 
but become white and opaque- by exposure to the air. Its primary Ibrm has 
bisen correctly -described as an octehedron with a rhombic base, but the 
edffes of the-qase ai'e freqctently replaced by planes which ccdnmunicate a 
prisnAitic form, audits summ^te are geoerally formed with an edge instead 
of a soHd angle, which edge is*- frequently truncated, presenting a narrow 
rectangidar surface, tts aqpjBous solution, Kke that of all the tartrates, -on- 
dorgoes spctotaneous decodipeaition by hoping ; and, therefore, if kept :xn 
the liguid form, alcol^ol should be added in order to preserve it 

Tartar emetic is 'decomposed hj many reagente. Thus, alkaline sub- 
sianoes, irom their spperioir attraction fbr*^ tartaric acid,'sepaiate. the oxide 
of antimony. • ^ . • ' ' 

This substenoe is used in medicine as wi emetic, but taken In large doses 
itis highly Rdiscoons. 

r . 

, ^ M ECO NIG- ACID. 

' . * . * ' ■ 

'948. This acid is found only in* opiiim. Ite name is derived' from the 

Greek, fvx^ .P^VW* ftoxst whidb, as.is well Mown, opium is obtained. In 

the poppy it is probably in ^ombinatipfi.with mdrphia, and perhaps other 

' bases, as lime and potassa. The process fbr proctaring it in a pore stated it 

is not necessary here to transcribe. 

It IS a tribasic acid,' and- forms three classes of s^ltSf'according as they 
contain 1, 2, or 3.eq* of fixed' base, as in. other instancefr^ of , tribasic aci& 
(5 1 4). l^econip acid and solutions of itsUalts are^istinguisiiecniy striking 
a blood-red color by the persalte.of iron. None of. the meconates are of 
importance; ' ^ . - .. 

GALLIC AO|D. - 

949. Gallic add is found ready formed in the seeds of the 
mango; but it is ustfiEdly prepared t>3r exposing j^aste made of 
powdered gall-nut3^(an excrescence which grows upon se^eraJ 
speeies of the oak,) and water- to the action of the air for a 
considerable tune. Water is added, to isupply ^e loss by e vapo- 
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ration, and finally , the resulting niass^ 48 boiled,, and the gallic 
acid crystalized on cooling. 'It may also be formed by digest- 
ing powdered gall-nuts in ether, by which an ethereal solution 
pf the acid, is procured. 

^re gallic acid crystalizes in oblique rhomboidal. priisms of 
a yellowish color, which are soluble in. water and possess a 
peculiar astringent taste. With the persalt^ of ircm this aeid 
strikes a deep bluie-black, by which it is distinguished. 

* TANNIC ACID.— (tannin.) 

950. This substance exists in an impure state in gaU-nuts; 
in the bark of most tre^s;; in some inspissated juices, such as 
kino and catechu ; in the leaves of the tea-plant, sumach,^ and 
whortleberry, and in'astringent plahts geae^aJly, being the 
chief qause of the "astririgeney of ye^etable matter. Jt is fre- 
quently associated with gallic acid, as in gall-nuts, in most kinds 
of bark, and in tea. " . . . • 

It may be obtain^ from powdered gall-nuts by digesting it 
in ether,. which dissolves it The solution is heavier than that 
of gallic acid, and therefore remains atihe bottom, while the 
t)ther may be drawn ofil 

Pure tannic acid is ccdorless and inodorous, has a purely 
astringent taste without bitterness, and may be preserved with- 
out change in the solid state. It is very soluble iii water, and 
the solution reddens lifmus, and decomposes alkaline carbon- 
ates with efervescence, thus leaving no doubt 6f its acidity. 
Alcohol and ether also dissolve tannic aciid, but more sparingly 
than water, especially when anhydrous. Solutions of tasinic 
acid do not affect pur6 protosalts of iron, but strike a deep blue-' 
precipitate ^ith (he persalts. 

Tannic acid combines with the sldns of animals; forming an 
insoluble compound which does not putrefy., This is the tesis 
of most kinds of leather ; and the art of tamiing cojj^sists in pro- 
motijig the union of these substances. * '. 

Tannic acid,.Uke the gallic, fprms a -black compound with the 
persalts' of iron ; but. it !s easily distingiushed from that- acid by 
forming a; precipitate with gelatine. ' 

.'- ULMIC ACID. 

. 951.' This acid is formed by the long'. exposure of wood to the action of 
air and moisijare. It is considered the same as the geic aeid of Ber^elius, 
which is obtained from soil by digesting it with water.. ^ It seems to be 
closely related to humta and to Kumic aeid, which are foimd also in soils, 
and are supposed to contribute much to their fertility. They all require 
iTorth^r investigaUon. 

.STEARIC ACID* 

952. Stearic acid'(rrom vnof, tallow,) Aa obtamitod'by boiling stearine with 
potassa and decomposing thd product with warm dilute hydrochloric acid.- 
The stearic acid which preci|uUites u to he well washed with pun water. 
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953. The itearine used in this prooess/iB aii Bflsenttal ingredient- in all 
BoHd fats, fts mattOD-Buet It is <)btained from this sabstance by digesting and 
washing in ether, or by melting it with, six times its weiglrt «f ether and 
subjecting, it to stroqg pressure. 

954. Stearic ac^d is 'without taste or odor ; it melts at 158°, and on cool- 
ing fo^ms a white 6rystaline mass which may be pulverized. Its specific 

Sravity is 1.01. Made into candles it bums like wax, Whh a clear, white 
ame. , . • ' . .' ' 

Stearic 'acid unites with' bbses forming numerous salts, which possess 
little interest except in their c(^emical'lustDry4 The. neutral stearate of 
potash is soluble in hot alcohol, and on cooling forms A white jelly, ealled 
opodeldoc, ^ . ' • ' ■ 

. '■ OLBIG AC|D. • 

955. Oreic- acid (name fi*om eXcuov, oil,) m obtained chiefly from liquid 
fixed oils that are not dtjisig oils, but is oooUiped in Che various solid fat& 
To prepare the acid it is heeessary first to. procure oleine, .which exists in 
large quantity in- oils, especially in almond oil; . This^isdone by dissolving 
the oil in boiling ether, am) then subjecting the^ solution to. a low tempera- 
tiire, by which the margarine contained in the ,oil is crystalized out; the 
ether is then readily separated by evaporation. The oleine thus formed, 
which is liquid even at 0°, is then to be heated with potassa, and the soap 
formed decomposed with dilute hydrochloric acid, and the oily deic acid 
which separates washed weH. wi& water and dried with chloride of calcium* 

Oleic acid. ia its pure state has a speeific gravity of 0.898; it has little 
taste or odor, b|it a. decidedly acid reaction. It. crystalizes at temperatures 
below 320. • ^ • ^ . 

This acid unites rea^ilj with, baaenr forming salts, which, however, possess 
little, interest 

MARGA.i^lJC ACID. 

- 956. This acid^ the name of which is dctriv^ed' from napyti^niSt a peari^ 
like the stearic and 6leic, is obtained fi'om the various oils and fats. It 
bears .> close resemUancb to stearic add| and its salts are very similar to 
the stearates. ' . i -' . 

Carbazotie acid is obtaided by the action of nitric acid upoa indigo, and 
several animal ancf vegetable substances. 

Lactic acid was first discovered in sour milk, but it is alse obtained from 
the juite of the beet root ' ' 

nitcemic acid ia intimately associated wiUi tartaric acid in 'the grape, 
from which it is septfrated by a particular process. 

Moric or moroxylie acid iBfoxmd in the bark^ of the white mulberry 
(iiMrvs aiba.). 

Valerianic acid is obtained from the root of valerian (Valeriana ogic^ 
ntdis), tt is liquid at common tempenntureiB,. 4nd boils at 270<3. 

RoceUie acid is found .in iherrocella tinetorufn, ibd other vegetables. 

j^as»rt« aet(2 is. Obtained fh>m the mMTiNmiscd.^ 

CHher vegetable acids are the mucic meWiic^ lactuHc;' croeonici^kinip,- 
ctuneiCf cremaric^ peciic, Melte, aumie, rAodti^ome, heniilie, formic^ mela* 
me, eaeulic^ ieanthict aiddiydic^ hmelie, itaeoniUe^ maleic^ funuuict doeoic» 
•eHcfe, palmUie^ pimeliCf mdipie^ dtc. &c' &c. 

, The compound i^cids will be- described hereafter, jo &r as is. necessary 
for our pilrpose. > • - 
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SECTION in. • 

VEG&TABLB AI^KAl^IBS: 

.957. UifDER ibis title are comprehended those proximate, vege- 
table principles which exist naturally in plants, ,and possess 
distinct alkaline properties. <Their existence was first recog- ' 
nized early in the present century. ' They are capable of neu- 
tralizing even thestrongest acids, and are distioguished from 
most other substaiices of veg^ble origin, by containing 
nitrogen. ^- • - * . ^ 

They never exist m an msulated state in the plants which 
contain them ; but they are apparentlyin every case combined 
With aA acid, with whi<h they form salts mgreorjesssojuble in 
water. These alkalies, ^XJtheir separate, s^tesy'arfrfolr'the most 
part very insoluble in water, and of sparing" solubility in cold 
alcohol; but they^re all readily dissolved bj^ that fluid at a 
boiling temperature, being deposited from the- solution, com- 
monly .in the focm of crystals, on coofing. Most of the salts 
are far more soluble in water thaij the alkalies themselves, and 
several of them are remarkable for. their solubility. 

958. The fbUowing are some of th^ qiore iaiportai)^?«getabIe alkalies : 

Names, Egtrit, . SymbdU, 

. Morphia.. ;!......;/.. .296'»5l . . .NGgsflaoOft 

Quinia :.w. ..,.. ..164.55... ,. ...NCooHiaOa - 

dinchonia . . . . . >. .T.. ...156.55. ■.,..■,. iKCafrHi^O 

Narcotina 421.67 «NC4qH220,3 

Strychnia. ......%. .^L5&. .". . . ., .N2C^4H3204 

MORPHIA. 

959. This alkali is the chief medicinal agent oCopiqro, In which 
it exists combined with meconic and su^huric acids and asso- 
ciated with several other substances, especially with narcotina, 
•gummy, resinous^ and eictractive coloring matters, &c. 

960. To prepare it, one part of opjiim, eighl of water, and one of hydro- 
chloric acid, are digesjted together ^r six hours, and the residue which is 
left twic^ more treated in the saoae- mann^. Tiie soJutioQ thus obtained is 
then saturated with common salt, and the precipitate which forms by stand, 
ing collected on a -filter and digested in aqua ammonia for twenty>ibur 
hours. A precipitate is now formed, which, when eoHected by a' filter, is 
to be washed with water, dried, and digestidd in strong' alcohol, which dls- 
solves the morphia, and is itself eac&Iy separated hyefaporation. 

In this process^ the object of -usijog the cpmmQn salt is to separate the 
narcotine always contained in. opium, while the metionic acid, codeine, &&, 
are removed by diasdving in amnxHiia, an4 subseqilently in aJcbi;oi. 

96L Morphia readily crystalizes from its alcoholic solution 
in small tight rhombic prisms. In its pure state it* has scarcely 
any taste; but when rendered soluble by combining with an 
acid or by solutioii in alcoht)!, it is intensely bitter: It has an 



alkaline reaction, and combine^ with acids, formiug neutral 
salts, which are &r inoce soluble in water than morphia^itsel^ 
and for the most part are capable of crystalizihg. Solutions 
of pure potassa and soda dissolve it, as in some meawre does 
ammonia *^o. . * ^ • 

The salts of morphia ace prepared by dissolving it in dilute: 
acids and evaporating the solution. 

962. £fu/j?/iat6 0/ IferpA^-^Thisi salt crystalizes. in groups 
of acicular crystals,^ wnic]i> dissolve fin twice their weight of 
water. They always contaih. 6 eq. of water to each equivalent 
of the salt It is used in medicine. - 

Biralphate of morphia has an acid' reaction^ ' It iff little kpcitm. 

963. fff^rochloft^e of Morphia, — This ndt-irtauc|t used in medicine. It 
amy be formed by-tb^ direet imUfn of anhydBoos morphia ahd hydrochlorio 
acid gtat. It is generally seen in beantifiU acicalar orystali, which' are 
anhydrous. . . ^ 

•964. AeeU/t&ofMorp hiat i L A cetate of- morphia is formied bydissolyinp 
the alkali in. acetic- acid, or by decomposing the faydrochlorate by acetate of 
lead, L., ; • ; . • . - 

965. ISkconate^of Morphia is. probably the 4ictivo principle in, opium. 
From all its salts morphia may be precipitated by tannic acid and by am- 
monia. 

NARC^TINA. . J 

' •■ ' ■'• -^ ■.' * 

^66.- Narcotina yraa first deseribed by Derosne in 1808, and was there- 
fprelong called saU of Deroan^ , It is obtained- from opium. It crystalizes 
inr colorless rbombi9 prisms,, whicih fuse at a temperature of 338°, and con- 
geal again on cooling. 

Narcoiina is easily distinguished from morphia by being soluble in ether, 
and in 'solutions of the -caustic alkalies and ear^s.- Its salts are of little 
intepebt. . . 

. CINCHONIA ANDrauINlA. . 

967v These two vegetable alkalies a):;e almost always found 
associated together in certain kinds of bark which have long 
been distinguished for their active medicinal properties. There 
are several varieties of the bark, but'all have been called Perur 
vi€ui bark, from* the place ^whence most of it Is obtained. , 

968. These prlnGiples,.4hough veprtmalogous, are distinctly 
different,. standing iri'the same relation to each other as potassa 
and soda. Cinchonia exists in the pinchofia condamin^a, or 
pale bark ; qUinia, often with a little cinchonia, is present in C. 
cwdifolia, or 3rellow bark; and they are both contained in C. 
ohUmgifolia^ or red bark. One of the easiest processed for' 
preparing^ them, is to take up the soluble parts of the bark by 
hot water acidulated with hydrochloric, acid, concentrate the 
solution, and then digest with _suocessivelv added portions of 
slaked lime, untU the liquid is distifictly alkaline. The precipi- 
tate is carefully ooUected, and .the vegetable alkali separated 
from it by boilink alcohol. Slight modifications -of the method 
32 
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hsMe been proposed. From one pound of yellow bark, More- 
ton procured 80 gnuns of quinia, whieh is nearly 1.4 por cent., 
but the quantky obtained from different varieties of bark is 
very variaUe. * 

960. Cinchonia. -^Pure cinchonia crystalizes in colorless 
quadrilateral- prismsy which are anhydrous, requure 2500 times 
their weight of boiling water for solution, and are insoluble in 
cold water. Its. proper menstruum is -boiling alcphpl ; l)ut it is 
dissolved in small quantity by oils and ether. Its taste is bitter, 
though slpw in being perceived, on account of its insolubility ; 
wbut when the alkcdi is dissolved by alcohol or an acid, the bit- 
terness is . very powerful, and accompanied by the flavor of 
cinchona bark. Its. alkaline properties «re ezceedinglv well 
marked, since it neutralizes the strangest acjds.- The sulphate, 
bydrochlorate, nitrate, and acetate' of cinchonia are'Solat^e'in 
water, and the. sulphate crystalizes in verv short six-sided 
prisms derived -from an oblique rhomboidal prism*. It com- 
monly occurs in twin crystals. • 

~ 970. Sulphates of Cinchonia. — There are two sulphates of 
cinchonia, the bibaisic and the neutral. They very much 
resemble the corresponding salts of quinia. The same may be 
said of the other salts of cinchpnia./ 

971 . Q^inia, — This substance possesses much greater, interest 
than the preceding. . It is separated from cinchonia by dissolving 
their mixed sulphates in alcohol, from which ^crystals of su£ 
phate of quinia are deposited, whHe the other salt repiains in 
solution. 

972. .Stdphatea of Quinia. — There are two of these salts, the 
bibasic and the hevitral sulphates. The bibasic or disulphate 
of quinia is extensively used in medicine, and is often called 
simply quinine. Its use' as a specific in intermittent fever is 
well known. It crystalizes in delicate white needles, having 
the appearance of amianthus, has a very bitter taste, cmd is less 
soluble in water than sulphate of cinchonia. It is freely dis- 
solved by boiling alcohol, and is neutral to test paper. It is 
composed of 2 equivalents of quinia, 1 equivalent of sulphuric 
'acid, and 8 equivulents of water. 

The neutral sulphate crystalizes in quadrangular prisms, 
\6^ich readily effloresce in the open s^ir, and are soluble in ten 
times their weight of water at 60*^. , - 

973. Sulphate of qainia,from^ it? commercial value, k frequently adul- 
terated. The substances commonly employed for the purpose are sugar, 
gum, 'starch, ammoniacal salts, ancl earthy salts, such as sulphate of 
lime and magnesia, or acetate of lime. Pure sulphate of quinia, when 
deprived of it& water of erystalizatiort by a heat of 212^, should lose only, 
frqm 8 to 10 per cent of water. ^u|ar may be detested by dissolving the 
suspected salt in. water, and adding precisely so mucli carbonate of po&ss^ 
av will- precipitate the quinia. The taste of the sugar, no longer ob9cure4 
by the intense bitter of the quiaiaj will generally be perceived ; and it may 
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f be separated frcHfii the;3Ulphat« of potaBsa, by evaporatinjg' gehtly to dryness, 

I and dissolving thcT sugar by boiling. alcbhoL 6um and igitarch are left when 

II the impure sulphate of quinia lA digested in strong sElcohol. Ammoniacal 
salts are discovered by the strong odor of ammonia, which may be observed 

u when the sulphate is put into a warm solution of potassa. Earthy salts 

may be detected by burning a portion of the sulphat^. 

974. Strychnia j» an alkaline substance obtained irom the nux vomica 

an^ St. Ignatius* tean. It is also foun^Jn the famous Upas of tlie Island 
' of Java. It is one of the most violent vegetable poisons known. Its salts, 

I in consequence of their greater sohibility, are more active than the alkali 

f 4tself. . ' . ■ . . ' 

I Bnieid is nearly ailiied to (he preceding sub8tanQe,And i$ always found 

I associated with it .. • " . • . 

I 975. Ferafria;. obtained from the ^veratrum album; Picrotoxia^ from 

[ eoeulus indicus ; Sqlaniay froit) the soiahum dulcamara ; Sanguinaria^ horn 

I the sanguinaria canadensis ,** Coinfdala^ Del^ia^ Cynopia^ &c., 4tre classed 

I wit]} the vegetable alkalies. 

Various other plants, as coniiim macvdatwn^ cicnia maeulatd\ airopa bel 

ladonUf datura stramonium; Si^.y owe4heir active properties' in aU probability 

to peculiar alktdies contained in them. 



SECTION IV. , 

- "' CYANOGESf aAd ITS COfMPOUNDS. 

. • . . . •' ^ •■ " . ' 

976. CTAN66EN:^is probably the most important, as well as the 
best known in its various relations, of all the*coiiipound tadi- 
calsr It is therefore made the sublect of a separate section. 

The mode of preparing- ft has already been. given (4/0), and 
som6. description. of the substance. At ordinary tempei*atares 
it is gaseous (471), but as before stated may easily be coh^^erted 
into a liquid, by the moderate pressure of 3.6 atmospheres. • 

Fig. 87. . - -97.7; This maybe done as fol- 

lows : Let a small quantity oF cy. 
i -anide of sHvel' be introduced into a 
strong glass tUbe^bent, as^in figure 
87, aind. h^rnieticaliy scaled. It is 
then to be held horizoiitatlyxand the |ieat ofn lamp applied at the extremity 
a, containing the cyanide of sihrer. The other extremity b is to be 'kept 
cool ; and in a short tinfe the liquid cyanogen will be seen to potlect in it 
978. The following tarbler exhibits the names, compositidn,-&c., of some 
of the naore important compounds of this substance, which kre. described in 
^lawork: - 

Ifamesl Equvo. \Symbels. 

Cyiuiogen « ;>..•>.... 36.39 .'. . <• . < NCa or Cy 

I '^.Cyanicacid ...... .^..i..... , 84.39 ...:. c, N63O or CyO 

I Fuhniiiicacid...*- -,..., 68.78 ;...... .GyaO, ' 

I Cyan'oric^ttcid ...»...'.....<.. 103.17 CysO, 

• .' Hydrocyuuc acid' 97.39 ....... CyH . 
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Names, ■ ■ ' Eguiv. Synihtjis, 

' Protocyanido of iron »...'...... 54.39 . . . . ^ . . FeCy 

^squicyanide of iron^ i , ,. ,» ,, 135.17 Fe^Cjs ' 

» Cyanide.of silver ...:... 1 134.39 AgCy 

Ferrocyanide of jfctaBwym. . .' . . 185.47 ^. . . , . . . FeCy-f-$KCy - 

Sesquiferrocyanide of iron ■ ..." SFeCy^SFcaCys ^ 

BisulpUuret of eyanogen.'. v.^ . ; 58.59 ...... .j CyS^ or Csy 

Numerous Other, compoiahds of this radica] mns^ be entirely 
omitted. 

979. Cyania. Add: — This acid is formed by causing a current 
of cyanogen'td pass through « solution ofpotassa; water is 
decomposed, and a cyanide and acyanate of potaiSsa* are formed"; 
and from the <5yanate.the acid may by proper means be sepa- 
rated. It' may also be procured by various other means. 

980. This acid when pure is a transparent liquid at ordinary 
temperatures, is very voliatile, and has a putjgent odor like 
acetic acid. It forms with bases numerous salts, which' how- 
ever dp 'not require description here. . " 

981. Fulminic A,cid. — This acid has received its present name 
in consequence of its forming p'pverfully detonating or fulmi- 
nating compounds ^hen united with several bases^ and par- 
ticularly with the oxides of jnercury and silver. It is formed 
by the action which takes place when a proper proportion of 
alcohor is poured ipto a strongly acid solution ik mercury or 
silver, and unites immediately with the oxide of the metal used, 
from which it maybe separated by digesting it wilh 'potsussa, 
forming a fulnilna^e ofpotassa. It cannot; be <)btained in a free 
stat«. • ' ' 

Fulminic "acid is bibasicj, and forms two seriefs of -salts, the 
neutral which contains 2 eq. of fished base, and the acid saltll 
which^ contain 1 eg. of 'fixed base and 1 eq. of water. 

081. Fulminate of Mercury. — Fulminate of mercury was^rst 
formed by Howard in the year 1800. It is prepared by dis- 
solving 100 grains of mercury in a measured ounce and a half 
of nitric acid of specific gravity i.3 ; and adding, when the solu* 
tion has become cold, two QunCes by measure of alcohol, tl^ 
density of which is 0.849. The mixture is then heated till mo- 
deratdy brisk effervescence' takes, place, during which the ful- 
tnihating compound is generated,- . 

A maob better method, is .that reoommended by Professor Sillin^im 
(Chemistry, II, 3^). Single aquafortis is added, to mercury io ex-cess, m 
a tumbler, and allowed to stand over-night in the cold. The solutioa thus 
formed, after being^gitated to mix the parts equally, is poured into a tall 
glassy ap a quart tumbler or earthen pitcher^ with an . equal quantity, by 
measure, of the strongest double aquafortis. A'yery tittle alcohol should 
now be added, and in a fe^ kninutes slight explosions will begin tD-be heard, 
and violent effervescence will then at once iJommenpe, w^iich should be 
checked by tlie addition of more kleohol. The ^mes sdioold. sever be 
allowed to becoftie red, nor- should so mueh iiloohol b» added at any thne ns 
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to cause the e£fervesceace entirefy to cease. Aboat two measures oF alco» 
hoi will be required to one of Hie acid. Tiie precipitate begins to foriq. 
immediately w^th the effervesceoce, and when it ceases to increase, the 
aettoo should be stopped by pduringin cold ws^r ; and the powder. coUeoted 
in a filter and washed. Not more than twp fluid oifnces of the solution of . 
ymercurv should ever be used at a tinie. , / 

982. The salt as thus prepared often contains a little metafile 
merciiryj from which it may be frieed by dissolving it in boiling 
water and reeirygtalizing. WJien dry itej^odes with great 

Violence by a slight -blow with a h^rd substance, gr by.friction. 
It is much used in the manufacture of pefcussion caps foi: fire- 
arms. For this.purpose it is' made into a paste with nitre, in 
the ratio of 10. parts of the. former Jto 6 parts of the latter. 

983. Fulminate of Silver, ^^o form this substance; a twelve and aholf^' 
. cent piece may be dissolvpd iii two ounces of nitricacid, diluted with an 

equal measure of disiiUid water, by the aid of heat;* 'And when cold, tfro 
ounces of common -al(»>b^l added. The heat>of a lamp is then to'be.applied, 
but removed as soon as effervescence pon^menoes; the flilminate is gradu- 
ally deposited in beautiiul.sndw- White crystals, which are to be collected on 
a niter and carefully washed with distilled water. 

Fiifminate of silver is sparingly soluble in cold 'water, but rdadily dia- 
solves in 36 time^'ite weight of boiling water. It is oiie of the most explo- 
sive compounds known; and dioujd nevef be fbrmed or handled but with 
extreme caution; ' It is very improperly made the basis of a small toy called 
a torpedo^ which consists of a littfe df ^the salt mixed with ilome gravel and 
done up in paper. It -explodes merely by*being thrown upon a hard sub- 
stance. ,' ^ • 

984. Fulminate nf Rnc\» formed^by digesting metallic zinc in solution 
of fuhninate of. mercury.. » «;■-.•.,. 

985. CyanuHG Add. — Cyanuric acid is produced by a variety 
of mean^. It derives its tihief importance from being isomeric 
with the two preceding acids, as will be seen by consulting the 
table above (978). It istribasiQ, while fulminic acid is bibasic, 
and cyanic acid monobasic.. [>; ... 

986. Hydrocyanic or Pru^sic 4ctrf.-r-This compotind is a con- 
stituent of water distilled frdm the- leaves and blossoms, of the 
peach and other stone fruits, and is formed artificially by the 
destructive distillation of many bodiies which contain nitrogen, 
by the deeompositibn of the metalUc cyanides, &c. 

Pure hydrocyariic acid is "a limpid, colorless liquid, of a strong 
odor» similar to that of peach blossoms. • It excitps at first a 
sensation of coolness on the tongue, which is soon followed 
hy heat ; but when diluted, it has the flavDr of bitter almonds. 
Its specific gravity at '45° is 0.70: - Its point of ebullition is ?0®, 
ahdat 5° it congeals. . Wheti a. drop of it is placed, on a piece 
of glasSj it becomes solid,. because the cold produced by the 
evapoi-ation of one portion is so great as to freeze tbe remainder. 
It linites^ with-water and alcohol in every proportion. 

987. Pure hydrocyafaic acid is a powerful poison, producing 
' In poisonous doses insensibility and convulsions, which are 
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speedily followed by death. A sinele dropof it placed on the 
tongue of a dog-eaiises death in tne course of a very few se- 
conds ; and small animals^ When confilied in its vapor, are 
rapidly destroyed. On in$piring the vapor^ dihit^d with atmo- 
spheric air, headache and giddiness supervene; and for this 
reason the pure acid should not be made in cFose. apartn^ents 
during warm weather. Its effects are best counteracted by 
diffusible-stimulants^anji of suchVemedies solution of ammonia 
appears to be thf mosj beneficiaL . The aqueous solution, of 
chlorine may be used as an antidote; which decomposes hydro- 
cyanic acid instantly, ^ith formation of hychrpchlorio icid. . In 
some experiments, recently described, symptoms of poisoning, 
.Induced by hydrocyanic acid applied to the glqbe of the eye, 
ceased on the internal administration of chlorine. It wduld 
hence appear that both substances were absorbed into the cir- 
culating fluids, and there reacted on each oth^r. 

988. Pure hydrocyanic acid, even .when excluded, from air and inoistare, 
18 very liable to spontaneous decomposition, owing to the strong tendency 
of its elements to form new combinations, j^bis som^timesv commences in 
a few hours af^er itsformatio^ Its presence in a fr$e state m^y generally 
be known by its odor. . > ' 

This 'acid is considerably used in medicine^ of course in a 
very dilute ;state. The prussic acid of commerce usually con- 
tains only from 1 to 4 per cent, of the acid, the rest being water. 

989. Cyanidecf iron.T-*This substance is distinguished for 
entering into combinajtion with other metallic cyanides, form- 
ing the class of bodies called /erro-cjfanuto.' It 66ems doubtful 
whether it has-ovei* be^n obtained in a state of pudty. 

990. Sesquicyanide of il^on.-^lt is not known jii a free state. 
Like the protocyanide of iron, it forms numerous compounds 
with other bodies. / ' 

991.- Cyanide qfiSKZoer.— Cyanide of silYcr &1I8 as a curdy white precipi-'' 
tate when hydrocyanic acid is mixed with » solution of any salt of siWer. 
It is used in preparing cyano^n. 

992. Ferrocyanide of Potassium.'^This compound is found 
in commerce in a state of great purity* It is generally seen in 
large yellow crystals or crystaline masses, and is cafied Prus^ 
siaU of potash, or sometimes triple j^russiate of potash. It is 
prepared on:a large scale by gently jgniting potash with animal 
tpatters, such as dri^ blood, and the horns and hoofs of ani- 
mals, when cyanide of potassium, along with some ferr'ocyan- 
de, if ijpon be present, is generated. The soluble^ p^rts are 
taken up in water, and sulphate of protoxide of ir6n is added, 
until the Prussian, blue which is formed ceases la 5e decom- 
posed by the free* potassa contained in the solution. . The 
ferro-cyanide of potassium is* then set to crystalize, and 19 
purified from sulphate of potassa by repeated crystalizatign. 

.This substance is perfectly neutral to test paper,-'and crystal- 
izes readily in large tfan'sparent four-sided, nearly square, tab- 
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ular crystals, derived from an -acute rhombic octoliedron, the 
apices of which are deeply truncated; ^^t has a lemon-yellow 
color, no odor, a^slightly 'bitten taste, quite di^reht from that 
<^f hydrocyanicacioTis insoluble in alcohol, but idis^plves- in less 
than its weight of hot water. . ' ' 

Thisitalt is much employed in preparing by double decora-- 
position the insoluble ferrocyanides ; .and as the precipitates 
naverin several instances very characteristic colors, ferrocyan 
lie of potassium* is much employed as a test. 

It is also used very extensively in the arts, especially in cal- 
ico-printing. Of late ijt haa been mad© use of in case-hardening 
\ron (677), but it is?£ud iUcannet always be efaapWye^d for this 
purpose, as.it is apt to Corrode the surface of the metal. • 

993. Sesquiferro($ydnide of Iton, — ^This substance was acci- 
dentally discovered at Berlin, Prussia, in 1710, from which, apd 
from its beautiful blue color, it becaEue- generally known under 
the name of BerUn or Prussian blue. It has sometimes been 
considered as a ferrocyai^ide of the peroxide of iron ; but as 
will be seen by referring to the table abovo' given (978), it is a 
compound of 3 eq, of protocyanide of iron, and 2 eq. of the 
sesquicyamde of ir6n« A ferro-eyanide gives Prussian blue 
with a. salt of the peroxide of iron, because by interchange of 
their, elements sesqiiicyanide of iron fs generated. 

Protoxide of iroQ does not produce the same'. effect, because- when it 
fxchanges elements t^ith cyanide of. potassium, protocyanide and not ses- 
quicyanide of iron is generated. 

To prelpare Prussian blue, add ferro-cyajiide of potassium to sulphate of 
the peroxide oT iron, the latter being in excess i^nd acidulated with sulphuric 
■cid, and both largely "diluted. A blti'e pracipitate will "^oon dubsid^, from 
which the supernatant liquid should" be^drawn with a syphon, and the vessel 
again immediately- filled with cold water, slightly acidulated virith sulphuric 
acid. After subsidence the water should be again drawn off as before, and 
the process teveri^ tiuiea repeated, the last time with pirre. water. The pre- 
cipitate is the'ft ta be dried^in a warm place* The immediate washing id 
important < ■ '. 

The Prussian blue of coraimerce is .prepared by Aisjng Animal matters 
yt'iih pearlash soas to form cyanide of potassiuiQ, whi<^ is mixed in solu- 
tion with green vftriol andf -alum. .A dirty green precipitate ensues, con- 
sisting of black oxide of iroli, {protocyanide of iron, and alumina, whidi by 
exposure to the air becomes -blue. 

This substance is much used as a pigment, but its color is 
not perqianentv Exposed' to the dii:ect light of the sun^ it even 
Decomes white, 'but in the dark the color is again restored. 
The Prussian blue of comDfterce is very impure. 

994. Bi&ulpkuret of Cyqhpgen.-^Thh is also called mlpho^yanogen. It 
is prepared. by saturating a coffcentrated. solution of some 'metallic salphp 
cyanide with -chlorine, or by heating it with nitric acid. It fklls in the form 
of a deeply ellow powder*. By tfasr Action of heat it is decomposed, and other 
important oompQuncb formed (910). 
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» 995.' The above afe but a Very fevt of the compdgiMs of 'Cyaoogfen, but as 
many as the object qf this wdrk will allow- uff to deaeHb^ Several others 
have beenoiamed in the t^le- o^ cooyiound laidifsalB, already {[iven ^.OB) ; 
and for a full discaBBton of the aubject the student is Referred. to that of the 
late edition o^ Turner's work, or to Kane.. 



: SEOTION V. 

-. . > 

XNTEEMEDIATE AJCD NEUTRAL PRIN;CIPL>E6. 

996. It is proposed to iptroduce Ui this section a Isirge clasis 
of substances Which possess a considerable variety of charac- 
ter, including nearly a41 those usualij|r piaped in o^ier more' 
extended works in* the^ two families oiirUer'niediate and neutral 
bodies. . Some of these substance^ . act the- part of acids, and 
others that of bases, but still .they differ so widely in many of 
their properties from the bodies described in the secon(3 and third 
sections of this chapter^ as not to be entitled to a place among 
them. Many appear to be neutral in Veality as they are' in 
name. • . . 

•STARCH* 

997. Starch: eirists abundantly iri the vegetable kingdom, 
being one of the chief Ingredients oj^most varieties of grain, of 
some roots, such Rs' the potato, and of the. kernelsr of leguminous 
plants. It is easily prociired by letting a sm^ll current of 
water fall upon the dough of wheat flour inclosed in a piece .of 
linen, and sflbjecting it at the same time to pressure- between 
the fingers« until the liquid passes off quite cjear. The gluten 
of the flour is left in a pure statej thd saccharine and mucila- 
ginous matters are dissolved,^and the starch is washed away 
mechanically, being deposited from the water an standing in 
the form of a white powder. The starch of cominerce is 
obtained. l>y an anialogous. process from the ^rain- of wheat and 
from the potato '; but in the preparation of wheat starch, the 
water containing th/^ soluble and insoluble parts of the grain is 
allowed to ferment, whereby acetic acfd is' generated, which 
dissolves the glutinous portion^ and thus facilitates its separa- 
tion from the starch. • " . 'j •-. * -^ * 

'■' 998. Starch Is insipid and inodorouSjOf a white color, and is 
insoluble in alcohol, ether, and cold i^rat-er. It does not crystal- 
ize; but it is commonly found'iu the shops In- six-sided columns 
of considerable regularity, a. form occasioned by the contrac- 
tion which it suflTers in drying. Boiling * water acts upon it 
readily, converting it into a tenaejou^, bulky- ielly, y^hich is em- 
ployed for stiffening linen. . In a Jarige quantity of hot water, it 
is dissolved completely, and is not deposited oD.cooling. The 
best teat of starch/ by which M is distingui^ied from all other 
fiubstanciEs, is iodine. This pwcipl^ form's withstairch, whether 
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solid or in solutionja blue cotupqund which is insoluble in cold 
water; with' hot water it lbrms'a«o!orless solution, which depb- 
sites the blue compound as it cools; but- when boiled with 
water, iodine acts upon the elements of the starch, hydrlbdic 
acid. is fo^n^ed, and then on cooling the blue iodide of starch is 
not reproduced. 

999. If starclji is heated ^uite hot for ftome tiiDe^ itle. converted into a 
jseculiar substanee which is very soluble i]\ cold water called Briiisk guni. 

1000. There are several sub^fences known in -coinmerce, whi(£ are 
merely varieties nof starch. The Indian dirrew-niat, which is prepared, from 

. the root of the titaran^ sranJtnace^, ha§ nU the'charactera of pure starCfa. 
iSSn^o, obtained^ from the cellular substance of an East India palm-tree («a^« 
farinifera)^ und tapj/oca and cauava from the root of tbe imirofiha manwot^ 
are chemically the same suhsGance. They both exist ib the plants from 
which jthey are eztrf^cted i'n^the form of starch. Salep^ which isH^btained 
from the orcAt« tnafcula;, consists almost entirely of the substance called 
boBsorih^ togetller v^ith'u small quantity of gum and stajoh. The oomposi- 
tion of:starch is Ci2H|oO^^. 

1001. This name is^generally applied ta those vegetable sub- 
stances which sire more or leds soluble in water, but areinso- 

: luble in alcohol, and which, when boiled with ^bout four times 
ti^eir ^weight of nitric acid, yield mucic acid. 

The properties of gum are best studied in pure specimens of, 
gum-arabic, of which it is the principal ingr^ient. It is color- 
&SS, transparent, inodorous, and insipid, and when dry it is 
very brittle, an^ has a vitreous fracture. When put into water, 
eithpr hot. or cold, it. softens, and then dissolves^ constituting 
mucilage. Its solubilHy is inpreased both by acids and alk^ies. 

The aqueous sdution of gum may be preserved a considera- 
ble time without alteration; but at length It becomes sour, and 
exhales on odor of.aeetic acid", a change which takes place 
'witiiout exposure to the air, and must, therefore, be owing to 
tt new arrangement of its own elements. 
• 1002. The following are some of the most important gums r 

Gum^AraMc^-^This substance is the concrete juice of several 
spedes of the mimoaa, ^or accBciiz, natives of <Afrfca and Arabia. 
It occurs in small,- rounded, traiisparent, fHal^Ie grains, which 
ar^ sometimes coloriess, and at others, yellow, red, or brown. 
Its density is 1.355. . 

Oun^aenegcU, the juice of the acacia seneffalenns, contains 
^exactly the same principles -as^ gum-arabic. The mucilage of 
linseed, and probably of most ^.the miicilagindus seeds and 
plants, possesses the essential characters of gum-arabic. 

G'ttwt-7Va^acan//i,.ttie juice of the astragalus gumrrdfer, dif- 
fers essentially from the pure gums. 

The gum which issues fi'om several trees of the genus pru 
nus, as from the peach; phim, apripot, and cherry4ree (p, cera- 
sus\ is found to be identical iii composition with gum-arabic 
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It differs^ however, in being insoluble in cold water ; but wneii 
•boiled in that liquid it i& dissolved,* and the solution hsLS^^U the 
characters of pure mucilage. ^ • 

The composition of the different varieties of gum is believed 
tobeC|:iHiiOii. ' 

^IBUGAR. 

• 

1003. There are several varieties of sugar, the chief of which 
are common or cane sujgar, and grape sugar. Other, sugars 
arei:he «u^«r qfrnUk^ mushroom a-ugaVt &a- The composition 
of the fir^ttwb will be seen from the |bllo wing table : 

Name$. ' . ^ • Equiv.' Symhch. 

Caqe Bograr. 154.44 ....... .CiaHf^O], 

. 6r«peflcigar :^., 172.44 ........ CiaH, id {^ 

'I004i Cane Sugar. — Cominon or cane' sugar is 'obtained in 
this country in large quantities from the sap of. the ac$r sao- 
charinum or 8ugar maple. In France and .Germany, and to some 
extent in this country, it is also m£inufkctured from the beet 
root, which contains it in considerable quantity. But most of 
the sugar at presentjused in Europe and America is obtained 
from me^ sugar-cfine (Arundo saecharifera)^ which contains it 
in. a grater quantity than any other plant .« The.; process, as 
practised in the West India Islands, consists, in evaporating^ th<^ 
juice of the ripe caiie by a moderate and cautious ebulhtion, 
until it has attained.a proper degree of consistence for crystal- 
izing. .During; this operation lim^ water is .added, partly for 
the purpose of neutralizing free add, and partly to.fa^cilitate the 
jseparation of extractive and 'other vegetable m^ttei^s, which 
unite with the lime and rise as a scuni to tl?e surface. When 
the syrup is .sufficiently concentrated, it is drawn off into shal- 
low wooden cool.ers, where it becomes a soft solid composed 
of loose ciystalijie grains.. It is then put into barrels with holes 
in the bottom, through w^hich a black copy juice, called molcts- 
ses or treacle, gradually drops, leaving the crystaUzed sugar 
comparatively, white^and dry. In this 8.tate it constitutes raw 
or muscovado sugar. 

1005. Raw sugar is further pnrified* by boiling a solution of 
it with white of eg^s,^ or the serum ^of bullock^ blood, lime- 
water being generally en^)loyed at the sam^ time. When prb- 
periy concentrated, the clarified Juice is received in conical 
earthen vessel^, the apex of which is undennost, in order that 
the fluid parts may collect there, and be afterwards drawn off 
by the removal of a plug. In this- state it is loaf or*refined 
sugar. In the- process of refining sugar, it is. important to con- 
centrate the syrup at a low temperature ; and on this account 
a very great improvement was introduced j9ome years ago by 
conducting the evaporatioil in vacuo'. 

1006. Pure sugar is solid, white^ inodorous, and of a very 
Yigr^e^ble taste, ^t is hacd and brittle, and when two pieces 
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are rubbed agaiiist each other in the dark, phosphprescence is 
observed. It cry stalizes in Ihjp form of four or six-sided prisips, 
beveled at the extremities. The crystals 'are best made by. 
fixing threads tn syrup, which is allowed to evstporate spbnta^ 
neeusly in a warm room;' and the crystalization' is promoted- 
by adding spirit of wine. 

Sugar undergoes-no change on ex:posure to the.-air ; for the 
deliquescent property of rarw -sugar is owing to impurities It 
is soluble* in one-third of its "weight of cold, arfdto almost any. 
extent in hot water. It is soluble in about four times its ii^eight 
of boiling alcohol, Bnd the saturated solution, by cooling aiid 
spontan^ousr evaporation, deposttes large crystals^. Wh^n the 
aqueous solution of sugar is mix^ with yeast, it undergoes 
the vinous fermentjitioB, the theory of which .will be explamed 
hereafter. . • ' ., ■ , 

Sagar unites with the {ilkalies and alkaline earths, forming oompontids & 
which the taste of the sagarls greatly injared ; but it may be obtained again 
unchanged by neulralis^ng ytiui sulphufic acid, and dissoking the sugar in 
alcohol. 

When sugar is beatbd to 400^ or 420°, it gives up a portion of water, and 
is converted into a suBata'noe called citrameL ,If a strong solution is kept 
several days near its boiling pdint^ it is gradually changed into uncrystal- 
izable flugar. 

1007. Graft Sugar. — This i^jgar «iuch resembles the pre* 
ceding, and is more generally difldise^ in nature. It gives to 
most fruits their sweet taste, and forms the solid part of honey. 
It is most easily procured from the grape, firom which circum- 
stance it receives its n'ame. Dumas proposes to call it Gtxicose. . 

'This substance is sometimes produced in the animal system, 
and .is found' in their brine in certain forms of disease, as in 
diabetes ; and may be prepared fix)m a variety of substances, 
as starch, gum, cane sugar, woody fibre^ &c. 

1008.' To prepare, grape sugar from starqb;! part of potato siaVeh, 4 parts 
of water, and-^ of sulphuric acid are to be boiled'fbr 36 or 40 houra, the 
water that evaporates being replaced. The acid is then to be removed by 
chalk-, and the solution evaporated until the syrup has obtained a sufficient 
consistence to crystalize oncooling; 

The satne. effect is produced upoji sHarch by mixing with it an infusion 
of matt, and allowing it to stand in t^^e air a few hours. A substance called 
<fea:frifie'isfirst formed, which passes into grape sugar. 'This change is 
proda6ed by the catalytic . influence of a principle called dlostose, which 
exists in' malt , • ' " 

1009. To. convert woody fibre into grape su^r, small piecesiof paper or 
linen are gradually to be moistened with their own weight of sulphuric 
acid, and allowed to stgnd 24 hours. The mass is^then to be diluted with 
water and boiled ibr some lOhouts; and the acid being then Feinoved by 
chatt, and the solution evapprated, the sugar crjstalizes. 

GVape sugar* is less soluble in water than cane sugar, bat is ««weeter to 
the^taste: Its spbeific gravity Is 1.38. « It i^* capable, like cane' sugar, of 
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onitiiig^ with the eaiths and some meV^lic oxides^ but the ooinpoinidB mn 
different . ' . 

, 1010. The action of the svlphuric acid in the ub«ve probesses for pre- 
paring this BDgar, neems to l)e merely to cause the absorption by the starch* 
or woody fibre, of oxygen ahd hydrogen, in the ratio in which they unite to 
ibrm water. The composition of starch is Ci 2B i oOi o, ^nd that of woody 
fibre Ci aHgOg ; the former is therefore converted into grape sugar by the 
sbflotption of a sinffle eq. and the latter 3 eq. of water. The-quantity of 
sugar produced is luways greater th^ that of the starch or woody fibre 
.employed*-' From 100 parts of linen rags 114of sng^r ha:re been formed. 

IQ^U. Sugar df MiJOc (C34H10O10) is obtaioed by the evaporation of 
whey, purifying with anim&l charcoal, and crystalizing. 

1013. Mmnna, — This substance is the concrete juice of several species of 
the ash, particularly the FraxiiutB omus, H is indebled for its sweetness 
to a distinct principle called mannite {C^H^Oq), Mannite is also found in 
other substances. The sugar contained in juice of- the beet is- rapidly con. 
verted into mannite, if it is allowed to stand but a b^ort time in the pulp 
tdter grinding the betot.. 

; ■ A'tCOHO'L, . . 

1013. Alcohol is the intoxicating ingredient "'of every variety 
of spuitouj^ and vinous liquors. ^ It- does not exist ready formed 
in pdants, but is produced from vegetable substances during the 
vinous fermentation, the theory of which wiU be hereaHer 
explained. N It is sometimes called spirits ofjunne. Its compo- 
sition is C4HeOa, and it may be Considered, as .will hereafter 
appear, as a hydrate of oxide of ethule. 

1014. It may readily be procured by disttlliiig any ardent 
spirit, as whiskey, or brandy. Common-, alcohol,' or rectified 
spirits of wine, usually contains from 65 to 70 per cent, of pure 
alcohol, the rest being water : it has n specific gravity of 0.88 
or 0.90. The most highly- rectified alcohol, which contains 
about 90 per cent of alcohol, has a specific gravity of 0.84. To 
separate the remaining Water, powdered carbonate of potassa, 
previously heated to expel any water it may- contain, is intro- 
ducedj which' is very solubje in water, but not in alcohol; the 
hea^y solution of* carbonate' of potassa in, water sinks to the 
bottom', while the lighter alcohol remains , at , top, and may be 
decanted. The same effect is produced by ppiiring« common 
alcohol into bladders, and hanging them several days- in the 
air. The water exudes. through the pembrane and evaporates, 
while the alcohol is retained. By ^ther of these processes it 
may be brought to 98 per cent. A^^solute alcohol, is obtained 
by distilling it from chloride of calcium; 

1015. Pure, anhydrous, or absolute alcohol, has a specific 
gravity of 0.79, and boils at 172°, but has not been frozen by 
any cold yet produced. . - * 

Alcohol is highly inflammable, and buras with-a lanlbent yd' 
lowish-blue flame. Its- color varies considerably "with the 
strength of the alcohol, the blue tint predominating when it is 
strong, an^ i\\e yellow when it is diluted. Its combustion is 
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not slttended with the least degree of'shioke, and the sole pro- 
ducts are water and carbonic acid. 

- Alcohol' unites with water in every proportion. * The act of 
combining is ususdly attended with diminution of volume, so 
that a mixture of 50 measures of alcob.ol and ^dO of water 
occupies less than 400 measures. Owing to this circumstance, 
the at;tion is accompianied with increase of temperature. Sined 
the density of the mixture increases as the water predominates, 
the strength of the spirit may be estimated by its spiecific gra- 
vity. Equal weights of absolute alcohol and~water constitute 
prdo/«^*nY, the density of which is 0.92. • •♦ 

1016. Of th6 Ba^iliiiBle bases alc<ihol cun alone dissolve potassa, ' soda, 
lithia^aiiimonia, and. the vegetable alkalies. None of the earths or other 
metallic oxides are dissolved by it. Most p^ the t^tds attack it by tbe^ aid 
of heat, giving rise to -a class of bodies to which th^ n&me of ether is applied. 
All the salts which are either- insdlublci or sparingly, soluble in water, are 
insoluble in alcohol. .The efflorevcent salta are, likewise, for the most part, 
insoluble in this menstruum ; bu^ on ihe contrary, it is capable of dissolv 
ing nearly all the deliquescent salts, except carbonate of potassa. Many ot 
the vegetable prineiplqs, such a^ sugar, maxma, camphor, resins, balsams- 
and the essential oils^ are soluble in alcohol. ■ 

The' solubility of certain substances in alcohol appears o^ing to the 
tbrmation of definite compounds, which are soluble 'iix. that liquid. This 
has been proved of the chlorides of .calcium, manganese, and zihQ, and of 
• the nitrates of lime and magnesia. It appears that, all these Bodies unite 
with alcohol in definite proportion, and yield. cfystaline compounds, 'which 
are deliquescent and soluble both in water And alcohol. From their analogy 
. . to liydratesj th^y liave been called edcoates, 

. 1017. Alcohol exists ready formed in spirituous liq^uors, and 
may be separated by distilling them. According to many 
accurate experiments, brandy, rum, giri, and whiskey, contain 
from 5i to; 54 per cent, of alcohol, of specific gravity 0.825. 
The stronger wines, such a^s Lissa, Raisin wine, Marsala, Poitv 
Madeira, Sherry,- Teneriflfe, Malaga, and Vidonia, contain from 
18 or 19 to 25 per cent, of alcohol. In Claret, Burgundy, Hock, 
Champagne, Hermitage, and Gooseberry wine, the quantity is 
from L2 to 17 per cent. In cider, perry ^ ale, and porter, the 
quantity varies ^om 4 to near 10 per cent. 

1018. Alcohol^ in some of its forms, is extensively used in the 
arts and in medicine, chiefly in consequence of its powerful 

' solvent properties. Taken internally. It operates, as is well 
known, as a powerful stimulant; and various alarming diseases, 
often terminating in extreme moral, degradation and death, 
attend its habilual^se. 

SPONTANEOUS CHANGES OP VEGETABLE MATTER — PftRMENTATION. 

1019. Organic substances, as we have already seen (898), 
usually have a strohg tendency to spontlaneous change, or 
putreraction ; that is, they tend to undergo a metamorphosis, 
by which the elements of a complex -molecule group them* 

33 
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selves, so as to forio more intimate and more stable compounds, 
according to the special attractions of thei^: elements, uncon- 
trolled bjr^the principle of 4ife. In- vegetable substances -not 
containing nitrogen, this Spontaneous c£inge is termed ferment 
tation. It exhibits in its progres^s three steps or stages, at the 
close of which definite compounds are formed ; and from this 
circumstance, they are sometimes called the saccharine, the 
vinous or alcoholici and the ac^ic fermentations. 

iti!^. Saccharine JPermen^ation.'-^Theoniy substance known 
to be subject to the saccharine fermentation is starcK, though 
othei; substances, as we have seen (1008)fmay, by proper -means, 
be converted into sugar.. This kind of fermentation is well 
exemplified in the germination of seeds, as is seen in the malt- 
ing of barley. ' . . ' . %^ 

1021. This operation ^of! malting consists in exposing grain 
(usually barley,) to the proper degree of heat and* moisture, 
with the free accession of atmospheric air to produce incipient 
germination, and then suddenly checking it by elevating the 
temperature. " 

In this process, the grain passes through four distinct sti^fes, called tUep; 
ingf cfntckingi floorings and kiln-drying. In the first, it is steeped in water 
foi about two days, when it absorbs moisture, softens, and swells consider- 
ablji It is thpn. removed to the eouch-frUme^ where it is. laid in heap6,30 
inches in depth, for ^om 26 to 30 hours. In this situation the' graiq 
becomes warm, and acquires a disposition to geuninatej.but as the tempe- 
rature, in such large heaps, would rise very unequally,, and germination 
consequently be rapid in some portions and slow 19 others, the process of 
jlooring is employed. This consists in laying the grain in strata a few 
mches thick on large airy but sha,ded floors, where it remains for about 12' 
or 14 days, until germination has advanced to the exttent.desifed Hy the 
malster. During this interval the gr{iin is frequently turned, in order that 
the temperature of the whole mass should be unifortn, that each grain 
should J3e duly exposed to the air^juid that the radicles of contiguous grains 
should not become entangled with each other> 'As soon as saccharine mat- 
ter is freely developed, germination must be tlrrested; since, otherwise, 
being taken up as.])utriment by the young plant, i^ would- speedily diiiap>. 
pear. Accordingly, 'the grain is removed to the kiln, where it is exposed 
to a temperature gradually rising from 100® .to 160P,.or mther higher;, the 
objeet being, first, to dry the grain completely, and then to provide Against 
any recurrence of germination by destroying tn'e vitality of the plant. The 
most convenient mode of applying the heat is to place the grain on a metal- 
lic net-work, through which passes hot air issuing froiu ti fire. 

The product thus formed is called malt, ' ^ 

The ripening of fruit has also been regarded as an example 
of the saccharine fermentation, especially since piany fruits, of 
which the pear and: apple are examples, if gathered before their 
maturity, 'ripen by keeping; and by experiments upon other 
kinds of fi"uit, it has been found' that, during the 'process of 
ripening, a large quantity 6f fr^e acid contained in the green 
gradually disappears, and its place {» occupied by. sugar in. the 
ripe fruit. 
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The sugar produced in this manner is always the variety 
called grape sugar. 

1022. Vinous fVrmeniarion. — Sugar fa the only substance 
caf^ible of undergoing the vinous fermentation, and the pro- 
dads of it are always alcohol and carbonic acid. The condi 
tions required to produce this change in sugar are the presence 
with it of water, a certain temperature; and yeast, or some 
ferment. 

1003. Tha best method of stodfin^ ibe process,, so sd to observe tbe phe- 
nomena and deterinine il|e nature oAhe cRange, is lo place 1 part of sugar 
.with abont 5 parts of water in's glasa.flaslt tUrnis bed with a bent tube, 
the eitr«m>t; of which opens under uf.mVerted jar liill of w alec or mer. 
Tif. 88. . eurf, ai tn fig. 88 ; and after add. 

' ing a ' linle jeaat, to eipose the 
' jDUtota to A (omperatoEB of about 
70°.. In a short time bubbles of 
gas'be|;in to collect in theiidnitT 
' of tbe jSaet, and the liqaid is 
> soon put into brisk mDlioo, in con. 
\ aeqnence of the tbrmation and dis. 
^ epgagement of a large quantity of 
J gaseous malter ; tbe solution be. 
a comcalurbid, its temperature rius, 
'' and froth collecU upon its surfacs. 
, _ erolulion of gas Ifegins to abate, and 

at lehgth erases 'altogether ; tbe hnparili^ gradiiallj stibside, and leave tbe 
liqnor clear and^transparent. 

TRb only appreciable ehauges which are fonnd to havs occurred daring 
tlie process arc tbe dissppearance of the sugar and a little water, and tha 
G)rmatioa of nlcohol, which remains in the Sash, and of carbonic acid gas, 
. which is collected in the pneumatic npparatus. The theory of the process 
is Ibunded on the &ct that the sujgar, which disappears, is very nearly equal 
to the united~WeightB of tbe alcohol and carbonic scid; and hence the for- 
mer, with tbe'addition of .a litllo wafer, .is i^soltcd into the two latter. 
Grape sirgar, indeed, into which earn? suppose cane sugar is always 
converted befi>re undergcnng termentalion, does not require the addition of 
wal£r,'as the psrticles are in the proper ratio to form 3 atoms of alcohol and 
4 of carbonic acid, lor BBcb atom of tbe sugar. 

Though yeast, or some artificial ferment, ia absolutely neces- 
sary to caose fermentation to commence in the solution of 
sugar, this is not required in the saccharine juices of plants, as 
those of the apple and the grape whith appear to contain the 
necessary principle within-tlieinsdves. 

.1024. Though we have, thus far, spoken only of sugar and 
, the juices of £ruit»asund«rgoing-tiievinous fermentation, yet It 
is well known (hat the Various kinds of grain and other vegeta- 
ble substances are susceptible of the same change. - In thig 
country, alcohol, and the- various stimulating drinks thatcon. 
tain it, ar€ manufactured from potatoes and gr^in. 

It admits bf doubt, hpicever, whether any substance besides ' 
■ugar is capable of undergoing the vinous fermentation. The 
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only other princii^e which is supposed to possess ^is property 
is starch; but from the facility with which this substance is 
converted into sugar, it is probable that the saccharine may 
precede the vinous fermentation. . 

1025. The various kinds of stimulating fluids, prepared by 
means of the vinous fermentation, are divisible into wines, 
which are formed from the juices of saccMrine fruits, and the 
various kinds of ale anfd beer, produced fi^om a decoction of the 
nutritive .grains previously malted. 

Beer is manufactured by digestihg malt-previously ground 
with Its weight of warm water for several hpurs, when the 
liquor, which ts called wirt^ i^ntaining a large quantity of 
saccharine matter, starch, mucilage, &c., is run ofr,''and boiled 
\(^ith hops. It is then tooled, and a little yeast added to induct 
fermentation, at the close of which the teet is fit for use. It 
usually contains much mucilaginous matter derived from the 
malt, and some free acid, the taste of which, however, is much 
disguised by the aromatic bitter of the hops. 

1026. As it is important to have wortt>f the proper strength, an instra. 
roent called a sacpkaromettr is used for the purpose. It is made of~gla88 

Fig. 89! or metal. Its construction is seen in 'fig. 89. The upper- bulb 
is filled with air, hut the lower one is soUd, or filI^d with some 
heavy sabstance, to make it stand upright in the liquid. Its 
weight is such, th.^ in pare water it will sink to the point 
marked 0, but in a liquid of the specific gravity of 1.100, it is 
buoyed up to the mark 100. As the intermediate space is 
divided into 100 parts, the specific gravity may of course be 
, determined very accurately. 

-50 '^^^ fermentative process which takes place in dough mixed 
with yeast, and on which depends the formation of good 
bread, has been supposed to be 6f a peculiar kind, and is some- 
times deengnated by the name of panary fermentation ; but it 
is found to be a .proper vinous fermentation, alcohol hieing a 
omstant product,- which is 'expelled from the bread by the 

^^Q- heat used in baking. • 

1027. AceHe Fermentation, — When any liquid 
which has undergone the vinous fermentation, or 
'even pure, alcohol diluted with ivater, is mixed with 
yeast, and exposed in a warm place to the opien air, 
an intestine movement speedily -commences, heat is 
developed, and the fiuid becomes turbid from the 
deposition of a peculiar filamentous matter. Oxygen 
is absorbed from the atmosphere. These changes, 
after continuing for a ciertain time, cease spontaneously ; the 
Mquor becomes clear, and instead of alcohol, it is. now found 
to contain acetic acid. This process is called the acetic fer- 
mentation. . 

The vinous may easily be made to terminate in the acetic 
fermentation ; nay, the transition takes place so easily, that in 
many instances, in which it is important to prevent it, this is 
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with difficulty eflfecteck It is the uniform result, if the ferment- . 
in^ liquid be exposed to a warm temperature and to the open 
air; and the means by which it is avoided is by excluding 
the ^tmospherp, or by exposure to cold. 

Certain inethodfi of producing this fermentation, as well as the inost im- 
porfant phenomena attending it, have already been explained, (926). 

The spontaneous, change that takes place in the juice of the beet when 
allowed to stand ui the pi3p, (1012), and in ^tber substances, is sometimes 
called the viacoits fermentation, ■ . ' ■ -' ' ■ 

1028. The jxutr^faction of a. substance^ or its putrt^factive 
fermentation, Sis it is sometimes termed, iiesults in' it^ complete 
destruction. It takes place- more or less readily, in all organic 
bodies which are constantly exposed to the action ef air and 
moisture, at s^ teiliperature bf from 50° to lOO*'.- ; 

THE BTHURB* 

1029. This is tiie nameapi^ied to a numerous class of com- 
pounds, formed by distilling a mixture of alcohol with the 
different acids, and by other meah& Usually, an ether is 
designated by the acid employed to form it; thus, we have the 
sulphuric, nitric, oxalic, &c., ethers. 

1030. The following are some or the most important of this class of 
bodies: " 

NameBi < Equiv. ^ Symbols^. 

Sulphuric ether.'. •«..>... .37.48. C4H5O 

Hydrochloric ether.*. . -. ^ . . .64.90. C4H5CI 

Hyponitrous ether 75.63 .. ..'^ ....... . .C4H50,N03 

Oxalic ether ■. . ..73.72. ..... f . « C4HdO,C203 

Acetic ether. .' 88.96. . .."..... .^ C4H50,C4H30i 

iOSl. Sulphuric ^^Aer.»-rSuIphuric etiier, mixed perhaps 
with a little alcohol> haa.been known for several centuries. Jt 
is prepared by distilling a mixture of alcohol and sulphuric 
acid, pr by xlistiHing alcohol with chloride of ziiic, and by other 
means-. The first jaiethod is always adopted in practice. '" 

Equal parts of alcohol aUd sulphuric acid, being wiell mixed, cace being 
taken to Avoid any considejraible rise.of temperatufe, are to be iniroduced into 
a glass or copper yessel, to which heat may be- applied by a sand-bath, as is 
represented in Fig. 90, or by .other means. .To condense the vapor of ether 
as it forms, the apparatus represented in the figure answers well, especially 
when a oomfiderable quantity is to be formed ; bnt for small operations, other 
more simple contrivances will secure the object perfectly. In this appara- 
tus the condejiser dd is a large glass tube, connected at one extremity with 
the vessel containing the mixture^ and at the other wkh the receiver, e, by 
means of small glass tubes bent in the proper manner. It is also inclosed 
in a tin.case, a, made water-tight at both ends by perforated corks, to re- 
ceive a constant stream of cold water into the funnel c, from the vessel t. 
The water as it becomes heated escapes through the tube h into' the. vessel 
h. The supply of water is edslly regulated, so as to. be just stiMcient to 
condense all the etherea vapor as it passes into the receiver. When the 

33* : 1 ^ • : 
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1 bis cootinued Bome tinw, ■ 

B littla kt a lime, throDgh the _.._ — .^ 

I. Sdlphnric ether tMained in this maniiet is not periecUy pore, but 
coMiina a. little alcohol and sulphurous neid, from which it may te IVeed 
by miiin^ it with caustic p61assB, and diBtiUiDg, and BubaeqiiNi^ wasbilif 
it with'nater, to remoTe the alcohol. , . 

1033. As alcohol (CiH O3) mi; be cnnaideTed aa s hydrate oT atber 
(CiSiO^ it is evident that the aply effect the acid has prodnced upon the 
dfcohol, has been to depriie it or its water; but tboQgh [bis ja the Qltimate 
result, various other important chemipdl changes haie been produced. 
When the acid and alcohol are fifat miied, sulphate of ether {SOa+CHj 
O) (SIS) is formed, which consists of an atom or anhydrous sulphuric acid, 
and an atom of ether, the water both of the alcohol Knd acid being- set <rce; 
and this, combining with another atom of the hydrous sulphuric acid, prn. 
duces bieolphata -of ether^ the compound sulpho-vinio or althioaic acid, 
(SSO3) +CtH^O+HO. On (he application orheat,.thB ether is expelled, 
and the sulphuric acid and water combine. Phoephoric and arsenic acidK, 
jiroduce upon alcohol ubder similar clrcumetsnces the same eifect, ss do 
also other acids cspaUo of Ibrmiog with«thei compound acids. (918.) 

1034. Pure ether is & ^otorr^ss limpid liciuid, of a hot pungent 
taste, and fracrant odor. Its sp. gr. is 0.72 at 00°, and under 
the atmosplienc pressure, it boils at 96° or 98°, and at— 40° in 
a vacuum, lie evaporation, from the Tapidity with which it 
occurs, Occasions intense cold. At — 46^ it freezes. 

It dissolves in ten times its weigiit of water, but is misclble 
with alcohol and the volatile oils in all proportions. 

Ether ia highly inflammable, burning 'With a yellow flame, 
and formation of water and carbonic acid. Witfr oxygen gas 
'ts vapor forms a mixture which explodes violently on the ap- 
croach of flame, or by the electric spark. 
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1035. When a coil of platinum wire is heated to redness, 
and then suspended aboye the surface of ether contained in an 
open vessel, the wire instantly .begins to glow, and continues 
in that state until all the etlier is consamed. During this slow 
con>bustion, pungentLacrid fumes are emitted, which, if received 
in a separate vessel, condense into a colorless liquid possessed 
of acid properties. 

If ether is exposed to lig:ht in a vessel partialljr filled, and 
which is.frequently opened^ it gradually absorbs oxygen, and 
a portion of acetic acid is g;enerated. 

The solvent properties of ether are less extensive than those 
of alcohol. It dissolves the essential oi]s, r6«ins, and most of 
the fatty .principles. Some of the vegttable. alkalies are soluble 
in it, and it dissolves ammonia ; but it does not act on the fixed 
alkalies. . , ^ 

Ether combines with nearly all the acids, forming well- 
defined neutral salts, the compound ethers^ as they are some- 
times called. The hyponitrous, oxalic, &c. ethers, are examples. 

1036, Hydrochloric Ether.— This substance may be prepared 
by distiUing alcohol" previously saturated with hydrochloric 
acid gas, and by other processes. The products are transmit- 
ted through tepid water, by which free alcohol and acid are 
absorbed, and the pure hydrochloric ether is then received in 
a vessel surrounded by ice or a freezing mixture. 

Hydrochloric ether is a colorless liquid of a penetrating garlic 
odor, -and a strorig^ rather sweet taste. Its sp. gr. at 4 1 ° is 0.87; 
and it is so volatile that it boils at about 54°. ' A is neutral to 
test paper*. -Wh^n inflamed, as it issues. from a small aper- 
ture, it burns with an emerald-green flame without smoke, 
yielding abundant Vapors of hydrochloric acid. 

Its composition, it will be recollected, is C4H5CI. 

Other compounds of chlorine and ether are formed by parsing a current 
of xihlorine (hrough alcohol, or by distilling mixtures of alcohol with com- 
mon bleaching'-salt, or o^er chloride. Their composition is not the same. 

- 1037. Hyponitrous Ether.-^his is often called nitric and 
nitrous ether ;^ but the propriety of the term we use will be seen 
as we advance. ^ ' . ^ 

This ether is farmed by. distilling a mixture of strong nitric 
acid and alcohol; but from the violence of f tie reaction which 
takes place, much caution is necessary in the experimenter. 

1038. Figure 91, froih' Hare's "Compendium," reparesents a good appa- 
ratus for this purpose. ~A cdmmoti three-necked bottle is used lo receive 
the acid and alcohol in small quantities at a time. In two of the tubulures 
are inserted glass tubes, .a little enlarged at the top, which passing through 
perforated cocks, terminate i^ capillar orifices near the bptt'om. By these 
the acid and alciobol are supplied as .they are needed. From the central 
ubulujte a bent tube, A, passes, and connects with a condenser surrounded 
y a freezing mijEture in a receiver C,,and a bottle BB to collect the ether 
9B it forms. The bottle must also be (surrounded by a freezing mixture. 
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Hie appnrBtiu being in order, b little acid a^id alcohol are introdnced, 
violent action at once commeoceB, which i> regulat«(l by a fupply of the 
acid or alcohol bb occaiion requires, and the ether collects in the bottle 
' proridcd Tor the purpose. It ma;- bo purified frc^ alcohol bj ineaua of 
water, and ftom walathy chloride of cnleiunj. 

1039, Hyponitrous ether when pure is of a pale ydlow col(»^ 
and pungent odoi, resembling that of apples. Its specific gpi- ^ 
vity is about 0.95, dnd it botls at about 61" or-62°. Its oompo- 
sitioniaC.HjO+N03(918); that is, it is a -compound of ether 
and hyponitroua acid. It is very liable to spontaneous decom- 
position when pufe, but diluted with some six or eight times its 
weight of atcohol it is biore permanent,. and is much used in. 
Diedicine, under the name oiejveet gpirits of nitre. 

1040. Oxalic ^htr- — To prepare oxalic ether, one piirt of alcohol, two 
parts of binoialate of potasaa, and two parts of salphnric acid, are distilled 
with a quick fire: The product is then -to be distilled from litharge to 
aeparate it from irapurilies. It is an oialite of ether, CHjO+CjOa- 

' Oxalic etberis a colorless liquid of an oily aspect, of an aromutic odor 
, and ft ap. p. of 1.09 at 45°. It boilB at 370". It is neutral to teat paper 
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when pure, is sparingly ^olitble in water, and dissolves in every proportion 
in alcohol. 

1041. Acetic Ether. — Acetic ether is formed when 16 parts of dry avtg^ 
of lead, 4^ of ^cohol, and 6 of sulphuric acid, are distilled together. Tha 
product is purified in the usual manner. ' ' J ' 

It is a colorless inflammable liquid, of sp. gr. 0,89, and boils at. 165^. It^ 
is an acetateof ethdf, Q4H504-C4H^O3. •, 

1042. Besides the above, there are numerous other similar compounds, 
which are properly called jethers, as belonging- to the same natural family. 

1043. Theoretical ConsideraiUms. — ^It woiUd be improper here to pdiit 
some further theoretical remarks upon the constitution of the ethers, and 
their connection with-o|;her organic^ bodies, the nature and properties of 
which have heretofore. been discussed. 

The composition of the radicals ethule and aoetule has 'already been 
given (908). These, it is true, have never been obtained in a separate state, 
but they are believed to exist in combination. Now the former, ethule, (C4H5) 
is believed to be the radical. of all the ethers both simple and compound. 
The simple' ethers are the oxide, chloride, bromide, sulphuret, &c. of ethule, 
as sulphuric ether C4H5O, and hydrochloric ether. C4H5CI ; while the 
compound ethers are properly salts of the oxide of ethule, as hyponitrous 
iether C4H5O4-NO3. The compound acids '(918) are salts of the oxide of 
ethule. , 

1044. Acetule (G4H3), is considered the radical of aOdCSc acid. Ituni^^ 
also with various other bodies, forming compounds which are more or less 
known. ' Thus, united with I at. of oxygen, it forms aldehyde, (from alco- 
hol dekydratu8)tC^H20f with 3 at. of oxygen, it forms aldehydic acid 
C4H3O2, and with 3 at of oxygen, -acetic acid C4H3O3. 

- Olefiant gas (459, 468), the composition of which is O4H4, is believed to 
be a hyduret of this radical, acetule. If this supposition is correct, its true 
constitutionof course is C4H3-)-»6. ' 

104g5. When this gas and chlorine are brought together (469), chloride 

of acetule XO4H3CI), and hydrochloric acid (HCl), are at the same time 

produced, and these immediately combinjog, form the liquid called OH of 

' the Dvtch Chemists, before alluded to. ft is properly faydrochlorate of 

chloride of acetule. By some it has. been called efdorietAer, 

OTHER NEUTRAL PRINCIPLES.- 

1046. 'Under.this head are introduced a number of vegetable principles, 
which appear to be de^nite compounds, but do not sustain an intimate ro- 
lat^n to any 'of the preceding substances. Some of them- may possess 
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17. Asparagine, — This prmciple is contained in the young shoots of 
asparagus, in the l»tato, root of the mardfa-mallow, and in Uie roots ofliquo- 
rice. . . 

It is obtained by digesting asparagus in cold watbr for 48 hours,' and 
then straining the liquor andi^tting it aside to crystalize.. It forms regular 
octobedrons, which are colorless and tasteless, and require 60 parts of cold 
water for solution. B^ its decomposition, it yields aispartic add. The 
cMimposition of asparagme is N04H403-|^HO. 

l048t Bassorin was first noticed in gum bassora by Vauquslin. It is 
an ingredient of gum tragacan'th, and probably occurs in other gums. 

Bassorin is characterized by forming with cold water a bulky jelly, 
which is insoluble in that menstruum, as well as in aleohol and ether. 
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Boilingf water dbes not dissolve it except by long-continTied- 'ebuUition, 
when the bassorh) at leng^th dUappeari^ and is conrerted into a snbstance 
nmilar to gum arabic. 

1049. Cqffein is foqad in the coffee-berry. It is best prepared by making 
n aqneooB decoction of bruised raw coffee, 

Caffein is a white crystaline 'volatile matter, sparingly soluble in cold 
water, but very soluble in boiling water and alcohol, und is deposited from 
these eolutions as they cool in the (otm of silky fUaments like amianthus. 

It is remarkable for containing a large proportion (29 per cent.) of 
nitrogen. Its oom^ition is NaCg^^Qa-^HO.- From it is formed eajfeie 
acid. . ' 

. 105$, CdtAarfin.-— This name has been applied"tO;the active prineiple of 
Senna. A similar bitter purgative prineiple, citlled CyttBini has been pre- 
'pared from the cytistM a2pinif«. 

1051. Capsicin ts the name given to a volatile «pungent substance which 
iff extracted from tfa^r vapsiewn amttnun, or cayenne~pepper; 

1052. Piperin, — Is the name which is applied to a white crystaline sub 
stance extracted ^om black or white pepper. ■ It is tasteless, and is quite 
free from pangency, th(S stimulating property of the pepper being found U. 
reside in a fixed oil. ' ' 

Its composition is NC3 4.H j gO « . 

1053. Phloridzine is a substance obtained from the bark of the yariooa 
species of apple, pear, plum, and cherry trees. Its composition in crystals 
isCsi HuOg-h^HO. . . .. - 

1054. Anemonine is a substance obtained from various speeies of^the 
anemone. ^ . 

1055. Sinapisim-s-A peciiliar principle, called sinapisiriy or sinapin^ has 
been extracted from mustard-seed {tinapis aUta), It i^ obtained by 
forming an aqueous decoction of mustard-seed, adding subacetate of oxide 
of lead as long as a precipitate falls, remoyigg the excesa of that acid, and 
concentrating the filtered solution. The first Crop of cryistals is purified by 
a second crystalization. . 

Pure sinapisin is white and inodorous, had a bitter taste-, abcompanied 
with a flavor of mustard, is more soluble in hbt water or alcohol than when ' 
they are cold, andtnrystalizes in-pesrly .needles lor small pdsms arranged in 
tuiis. 

1056. Vegetahle ABnanen, — ^Vegetable albumen,* as the name implies, is 
a vegetable substance much resembling the animal -substance called by this 
name, it is obtained from the seeds of various vegetables, as wheat, peas, 
beans, &c. ' * 

Gluten. — This constitutes the principal nutritious parts of the different 
kinds of grain, and gives to dough «ll its teoacioUsness. 

OHvUe is extracted from the gum of the olive tree. 

Samoed is the concrett juice of a tree ^fid in the northern parts of 
Africa, called {ieruBa tarcoedh. 

Rhubarbarin and Rhein are extracted frqm the common rhiibarb. 

SctUintin is a bitter principle of squills. It is obtained .from the tetZZs 

mtirqtima, 
Senegin is a bitter acrid principle contained in the root of the polygaU 

aenega. 

Pluvibqgin i&.extrapted from the plumbago Eutopeta. " 

Saliciii was discovered in 1830, m talix Adix. It is fodind also in the 

apiilistremula and other trees. 
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Gentianin is procured in aoicuhir crystals from gentian. . 
Stdterin is found in the cellular tissue of the common cork tree. 
Columhine is obtained from the columbo root 
Quasnne constitates the bitter principle of the quassia aurora. 
Absinthiin is the bitter principle of common wormwood (artemisia ah 
sinthium,) 



' SECTION "vr. 

OLB ACINOUS, RBSIl^OUS, AND BITUMINOUS SUBSTANCES. 
OLEAGINOUS SUBStXNC&S. 

1057. Oils are characterized by- their peculiar unctuous fee], 
by th^if inflammability, and by being insoluble in water. They 
are dividcjd into the fixed dnd the volatile oils, the former being 
comparatively fixed even at elevated temperatures, and there- 
fore giving a i^rmanent greasystain to paper, while the latter, 
owing to their volatility^ produce a stain which disappears by 
a gentle heat. 

1058. Fixed Oils,— The fixed oils are usu&ily contained in 
the seeds of plants, as, for example, in the almond, linseed, 
rape-seed, and poppy-seed;, but olive oil. is extracted from the 
pulp which surrounds the stone. . They are procured by bruis- 
ing the; seed^,:and subjecting the pulpy matter to pressure in 
hempen bags, a gentle heat being generally employed aft^e 
same time to render the -oil more limpid. 

Fixed oils are nearly .inodorous, hs^ve little taste, and are 
lighter than water. Some, sueh as cocoa-nut and palm oil, are 
fixed at 50° or 60*^ ; but most of them are fluid at common 
tempesatures, and they all become liflEipid when warm. They 
.are commonly of a yellow color, but ma^ be rendered nearly 
or quite colorless by the action of animal charcoal 

They are chiefly compojands of the three principles, stearine, 
oleine, and margarine, in various proportions, united with gly- 
cerine (oxide of "glycerujej, from which respectively stearic, 
oleic, and margaric acids aire prepared by means already de- 
scribed. Oleine is liquid at ordinary temperatures, but stearine 
and margarine aresdid though differing in fusil^ty. 

1059. The fixed oils may be divided into the two classes of 
siccaiive or drying oi/*, which absorb oxygen and become 
rancid or even waxy, on exposure to the air, and /a^ o^, which 
are not so affected."^ 

"When the drying oils are spread uppri-the^surface of wood 
or other substance, and exposed to the air, a thin filrii or 
pellicle is formed, which serves to protect it from the further 
action of the atmosphere or moisture. The various substances 
called pigtnmts or paints^ as chromate of lead, vejrmilion, &Ca 
are mixed with this oil in painting, to give the desir€d color 
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.Litharge, and sometimes other substances, are miited with the 
oil to increase its drying properties. They arc also fbimd to 
dry more rapidly by having been, previously boiled. The 
drying oils are used ' in preparing printery infc, the coloring 
substance of which is lampblack. 

1060. The absorption of axygen By drying oils, is under 
some circumstances so abundant and rapid, and aecompanied 
with so much heat^ that light porous combustible materials, 
such ds lampblack, hemp, or cotton-wool, may be kindled by 
it. Substances of this kind, moistened with linseed oil, have 
been known to take fire during the space of twenty-foCir hours, 
a circumstance whichi has repeatedly been the cause of exten- 
sive fires in ware-houses and cotton manufactories. 

Fixed oils do not unite with water, but they, may be perma- 
nently suspended in that fluid by means of nlucilage or sugar, 
so as to constitute an emulsion. They are for the most part 
very sparingly soluble in alcohol and ether. 

1061. The action of the alkaline bases and oxide of lead upon 
the fixed oils has long been known. With ammonia they form 
a soapy compound called volatile liniment ; with the alkalies, 
the well-known substance soap; and with oxide of lead, the sub- 
stance called diachylon (749), as before described. 

1062. There are three varieties of soap in commerce— ^rd 
toMte soapt hard yellow soap^ and soft soap. They are usually 
prepared from animal oils because, of their cheapness, but may 
properly be described here. ... 

The -first variety, hard white soap, is made from tallow and 
caustic soda, which are boiled together. ' Stearate of soda is 
its principle solid ingredient; but it usually contains from 40 
to 60 per cent, of water. 

1063. Hard yellow soap is made of soda, tallow, and some 
coarse oil, and* rosin. Generally 2 parts of fatty- matter are 
used, and 1 part of rosin. The fatty matter and the rosin are 
first dissolved^ in impure caustic potassa, and then common 
salt is added. By thfs process the potassa soap first formed is 
decomposed, and soda soap produced, at the same time with 
chloride of potassium. 

1064. Soft soap is made by -boiling together sonic fatty mat- 
ter, and impure caustic potassa, prepared by lixiviating com^ 
men wood ashes, (439, 600). . -r 

The hardness of soap depends chiefly updn the alkali used, 
soda forming hard soap, and potassa forming the soft. 

Soaps made of vegretable oils, are usually mixtures of oleate and marga- 
rate of potassa or soda, while tho^ made of animal oils contain the oleate, 
mixed with the stearate, and margarate of these alkalies. 

The fallowing are some of the mbst important of the fixed (mIs: 

1065. Linseed Oil, obtained from the seeds of common flax, linumtuit 
atisaimum, • • 

1066. Oil of ^dZnuZa, procured from, the common walnut. 
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1067. OH of Hempseedf fiom the seed of common hemp, eannahii aatica. 
These three dila are disting^uished for their drying properties, and are much 
used by painters. • • " * .- 

1068. Castor Oil is obtained from the seeds of the ridnus ewnmunU. 
Its use in ftaedieine is well known; - - - - 

1069. Olive Ot2, prepared from the common olive, the fruit, of the o2e# 
E»Top<Ba.' . ' 

1070. Croton Oii,'firom the fruit of the craton tiglium. It 'is^used in 
medicine*' - • .. 

There are also other oils, the source of which is generally indicated by 
thename. 

1071. VoUUUe or Essential OUsi — These oils are so named 
because of their volatility, and from the fact of their alcobolic 
solutions being usually called essences* ' Aromatic planta owe 
their peculiar flavor and odor to the presence c^ these oils, 
which are obtained ffom their different parts, as the flowers, 
the leaves, stem, bark, or roots, by careful distillation, water 
being put into the still along with the plant, in order to prevent 
the latter from being burn^. The , oil and wsiter pass over 
into the recipient, and the oil collects at the bottom or the sur- 
face of the water, according to its density. 

Fig. 93. '^^^ Italian recipient, figure 93,' (Webster's Chemis- 

try), answers well for coll^^tin? these oils. This vessel 
be«ng fUIed to the level of a .<2 o^ with water, it wip of 
a I — ~\h /f^ course pass off at e. If now the miied oil and water 

are ^u red, into the vessel, the oil being usually lighter 
fhati water, will remain in- the space d, while the wftter 
passes off at 6, as before shown. 

1072. Essential oils have a penetrating odor 
an^ acrid taste, which ar^ often pleasant when 
sufficiently diluted. They are soluble in alco- 
hol, though .in diflferent -proportions. They 
are sparingly dissolved by wat^r, and hence 
waiter acquires the odor of tbe oil with which it is distilled* 
With the fixed oils they unite in every proportipn, and are- 
. sometimes adulterated with them, an imposition easily detected 
by the mixed oil causing on paper a greasy stain which is not 
removed by heat. '^ , . 

Some of them jdo not exist ready, formed in the plant, but are produced 
from substances existing in them, during the process of distillation. 

Volatile oils do'nbt unite readily with metallic oxides, and are attacked 
, with difficulty even by the alkalies. The sobstaitce called Starkey*8 soap 
ie made by triturating oil of turpentine witb%in alkali. 

1073. Oil of Turpentine is procured by distillation from com- 
mon turpentine, a substance which exudes^ from incisions 
made in the wood of several species i)f the genus Pinus. It is 
.a limpid colorless liquidi of specific gravity about 0.87, and 
boils at 315°. It is composed, when pure, solely of carbon and 
hydrogen (Oa-Hje), but absoil^s oxygen fi-om the atnjospherc, 
and forms resin. • _ 

34 
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1074. When a turrent of hydrochloric acid gas is passed 
through this, substance, a solid compound ; is formed, which, 
from its resemblance to camphor, is called 'artificial camphor. 
Its composition is C2oH|7Cl=C2oHi8+HCL From this com- 
pound the hydrochloric -acid may be separated, and the oil of 
turpentine (CsoHte) again obtained. Dumas has given it the 
name of camphene, 

1075. There are some six or eight other oils lyhich appear to he isome 
ric with this, but their equivalents are different, as well as their action upon 
polarized light 

1076. Oil of Bitter Almonds is prepared by {^tilling with 
water the bruised almonds. After it is ' purified from hy- 
drocyanic acid, which is distilled over with it, it is perfectly 
colorless, and has a strong odor. Its sp. gr. is .1.04, and it boils 
at 356°. It is a hyduret of the cpihpound radical, benzule, 
C,4H50., (908), which was first obtained from this substance. 
Oxide of the same radical constitutes t)enzolc acid, (937). 

1077. Camphor. — The common camphor of commerce is well 
Hnown. It is obtained from the trunk and branches of the 
laurua camphor a of Japan, by distillation. 

It is a solid white substance, of sp» gr. 0.99, and has a pun- 
gent oddr, and bitter aromatic taste. It melts at 347° and boils 
at 390°. . Its composition isCaoHieOgj which shows it to be an 
oxide of campheAe (1074). • - .* 

Camphor is insoluble in water, but wl?ei> triturated with 
sugar or lime and then mixed with that liquid^ a portion of it 
is taken up by it. In alcohol it dissolves fteely» forming the 
common tincture of camphor. 

1078. The name camphor is also applied to the solids de- 
posited from the variotis volatile oils wJien exposed to great 
cold. Many of them, especially that from oil of peppermint, 
much resemble the common camphor of commerce^ in color, 
taste, odor, solubility, &c. 

' 1079. The number of essential oils is great, and their names even cannot 
|)c here given. . . . ' 

RESINOUS SUBSTAKGES.- 

1080. Resins, — Resins are the inspissated juices of plants, 
and commonly occur either pure or in combination witli an 
essential oil. They are solid af xiommpn temperatures, brittle, 
inodorous, and insipid.' lli^y are non-cojiductdrs of electricity, 
and when rubbed become negatively electric. They are gene- 
rally of a yellow color, and semi-transparent. 

Resins are diusolved by alcohol, ether, and the essential oils, 
and the alcoholic and ethereal solutions are precij»tated by 
water, a fl.uid in which they are-quite insoluble. Their best 
solvent IS piire potassa and soda, and they are also soluble in 
the alkalkie carbonates by the aid of heat. The product is in 
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each case a soapy compound, which is decomposecj by an 
acid* " 

The. uses of resin are various. Melted with wax and oil, 
resins constitute ointment and plasters. Combined with oil 
or alcohoJ, thejr form different kinds of oil . and sjiirit varrjish. 
Sealing-wax is composed of lac, Venice turpentine, and com- 
mon rosin. The composition is colored Mack by means of . 
lampblack, or red by cinnabar or red lead; Lampblack is the 
soot of imperfectly burned resin. . ' 

. 1031. Of the different resin^ the most important are the com- 
mon resin or rosin, copal, lac, sandarach, mastich, elemi, and 
dragon's blood. • The first is procured by heating turpentine, 
which consists of oil of turpentine and resin, so as to expel the 
volatile oil. The common turpentine, obtained by incisions 
made {n the trunk of the Scotoh fir-tree, {pinus sylvestris), is 
employed for this purpose ; but the other kinds of turpentine, 
such as Venice turpentine, that from the^ larch, ijpinus larix), 
Canadian turpentine, from the jn'nus balsamea, or the Stras- 
burgh turpentine, from thepiniiapicea^ yield resin by a similar 
treatment. 

When turpentine is extracted from the wood of the fir-tree 
by heat, parti^ decomposition ensues, and a dark substance, • 
consisting of resin, empyreumatic oil, and acetic acid, is the 
product. This constitutes tar, and . when inspissated by boiling, 
it forms pitch, ' . ' ' ' • 

1082. ilmfter. — This is a, fossil found abundantly on the 
southern coast of the Baltic sea, and to some extent on the 
Yorkshire coast, England, and in so^e parts of the United 
States. ■ it occurs sometimes in beds of bituminous wood, and 
at others' On the shore, being doubtless washed out from strata 
of brown coal by the action of water. Its vegetable origin is 
amply attested by the substances with which it is associated, 
by its resinous nature, and by the vegetable matters which it 
frequently en^^pes. It may be regarded as a mixture of 
several substances, as succinic acid, &c., which may be sepa- 
rated from each other by ^She proper means. 

1083. Balsam8,*-^Thei, balsams are semi-flaid resins containingf a volatile 
oil, which may generally be separated by careful distillation, leaving th9 
solid resin. Balsam of Peru and halaam of Tolu are well known from 
their use in medicine. 

1084. Gum-resins^— -The substances to which this name is applied are 
the conicrete juices of certain plants, and consist of resin, essential oil, gum, 
and extractive vegetable matter. The two ibrmer principles are soloble in 
alcohol, and the two latter inr water. Their proper solvent, therefore, is 
proof spirit. Under the cfass of gum-resins jeire comprehended several 
valuable medicines, such as. aloes, anrnxoniacrain, assafoetida, euphorbimn^ 
galbanum,. gamboge, myrrh, scamnfony, and guaiacum. 

1085. Caoutchouc^ commonly called 'elastic gam or India rubber, is the 
eoQcrete joioiB'of thb Hasvea caoutcUoue and jbtropa d ast i ea, natlTes q£ 
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South America, and of the Fieut Imdita vkd-Aft9earjniB iniegrifBliaj 
which grow in the East Indies. It i» a- soft yielding solid, of a whitish 
eolor when not blackened by smoke, possesses considerable tenacity, and 
is particularly remarkable for its elasticity. Jt is inflammabte, and bums 
with a bright flame. It is insolub^ in water and alcohol ; but it dissolves, 
though with some difl^uUy, in pure ether. It is very sparingly djssoWed 
by the alkalies, Imt its elasticity, is destroyed by their action. 

Caoutchouc is soluble in the essential oils,' ether, naphtha, caje);>ut oil, and 
in the volatile liquid obtained by distilUps^ caoutchouc; _and from all these 
solvents, except the essential oils, it is left^on evaporation without loss of 
its elasticity. Before actually dissolving, the. caoutchouc -swells up remark- 
ably, and acquires a soft gelatinous aspect and oondisteiicy ;'in this stale it 
is used for rendering cloth and leather iknpervious 16 water, and may be 
cut with*a wet knife into thin sheets or bottles, and be extended to great 
size, but not without mueh -care* > 

1086. Woo:. — Tills substance, which partakes of the nature 
of a fixed oil, is egi abundant vegetable production* entering 
into the compositioit of the pollen of flowers, covering the en- 
velope of the plum and other Jruit, especially the berries of the 
Myrica cerifercu 

whether bees-wax is to be considered as a vegetable pro- 
duction collected by the bees, or whether it is manu&ctured by 
them* seems not to be determined. It is found to consist of 
two distinct princif^es, one of which, eaHed verine, i$ sohtbte in 
boiling alcohol, while the other, called myricinet is insoluble. 

1087. CominoB wax is alwaya ihore or less cdored^aDd has a distinct 
peculiar odor, of bo^ which it maybe deprived by exposure in thin slices to 
light, air, and moi8tuEe,or more speedily by tlie tfetion of eblorine. At ordl. 
nary temperatnres'it is solid, and somewhat brittle ; but it may iBasily be cut 
with a kniie, and the fresh surface presents a characteristic appearanoe, to 
which the name of wa^y lustre is applied. . Its specific gravity is 0J6. 
As it bums wiUi a clear white light it is employed for forming candles. 

BITDMINOUS SUBSTANCE S^ 

1088. Under this liead' a considerable variety of ^rnfastanoes- is incliided^ 
some of which are obfained by the distillation of vegetable matter ; but 
others* though of vegetable origin, are found in the eaitht or issue from its 
surface. 

1089. iVap/L^/i-a.-^Naphthai^a" liquid which exudes from the 
earth in some parts of Italy, and in Per^a, Jt i? arj ingredient 
of the dark bituminous liquid calledi petroleum, and ^xnay be 
obtained from it by distillation. Coal-tar yields by .distillation 
a liquid very similar to mineral naphtha, and to all appearance 
identical with it. . 

Naphtha ia generally of a yellowish color, but may be ren- 
dered perfectly limpid by distillation; it possesses a strong 
peculiar odor, by which it may always be recc^nised. Its sp. 
gr. when highly rectified, is Q,753 at 61^. In a platinum vessel 
n begins to bou at 150°, but the thermometer is not stationary 
until it reaches 19^. |t retains its liquid form at (P. 
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1090. Petr^ietttn is raueh less limpid than najihtha, has a feddish-brown 
color, «nd is unctuous to the touch. It is found in several parts of Britain 
and the continent of Europe, in' the West Indies, and in differ^it parts of 
the United States. It occurs -particularly in coal districts. Mineral tar is 
very. similar to petroleum, but is more viscid ftnd of. a deeper color. Both 
these .species become thick by exposure to the atmosphere, and pass into 
solid bitumen. 

1091. AapJtaUum is )i solid, brittle bitumen, of a black color, vitreous 
lustre, and conch'oidal' firapture^ . It melts easily, and is very inflammable. 
It dmitsa bituminous (>dor when rubbed, and by distillation yields a fluid 
like naphtha* It is soluble in about five times its weight of naphtha, and 
the solutiou forms a good varnish. It is rather denser than water. 

Asphaltum is found on the surface and on tlie banks of the Dead Sea« 
and occurs in large quantity in Barbadoes and Trinidad. It was employed 
by the ancients in building, and is said to have been used by the Egyptians 
in embalming. ' ^ . 

1092. Creosote. — This substance exis^ in solution in crude 
pyroligneous acid ; but' it is best prepared from those portions 
of the oil distilled from wood-tar, which are heavier than water. 
The oil is first freed from adhering acetic acid by carbonate of 
potassa, and alter separation from' the acetate^ is distilled. 

To insure purity, it must be several times re-distilled, care 
being taken to neutralize any free acid. 

Creosote is a coloriess, transparent liquid of an oily consist- 
ence^ which retains its fluidity at —17°, has a sp. gr.^ of 1.04 
at 68°, boils at 397°, is,a non-conductor xyf electricity, and re- 
fracts light, powerfully.' It has a burning taste followed by 
sweetness, ana its odor fs like that of wood-smoke, or rather 
of smoked meat. It is highly antiseptic to meat : tji^ antiseptic 
virtue of tar, smoke, and crude pyroligneous acid, seems owing 
to the presence of creosote; Its name, (from x^eas, ftesh^ and 
cf«J«, I save), was suggested by this property. 

Creosote requires about 80 parts of ^vater for solution, and 
is soluble in every proportion in alcohol, ether, sulphuret of 
carbon, eupione, and naphtha. It has neither an acid nor 
alkaline reaction with test paper, but combines both with acids 
and alkalies. 

This substance is used considerably in medicine, both inter- 
nally and externally, and is often found to be very efficacious. 

Picamar^ capnomar, paraffine, eupione and pittaeal, are substances some- 
what analogous to creosote, and are obtaiiled by the deatructivc distillation 
of various vegetable substances.- 

1093. Coal. — The numerous varieties of mineral coal known 
in commerce may be reduced to two, tdturrdno'us coa/,. and 
sione coaly or anthracite. , * 

JBituminous coal is distinguished by its softening like way 
when thrown upon burning coals, and giving- off much gas 
when heatpd, which of course burns with fl^me. It is £USO 
much lighter than anthra,qite, and more'easily ignited: 

34* ^ ' 
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Some of the diHerent varietieii' of bitan)iQo6« eoa! are -ftfib'fig^, 9plini^ 
eiberry, and eannel eoal. Jet alsd^ which is used in jewelry, is a bituminoos 
coal'; and in the same family may be .Incladed toood or Anvy'coal, some- 
times ealled lignite^ 

When the \folatile matter is expelled firom- the diSibrent va- 
rieties of bituminous coal, the* hard, inodorous carbon which 
remains is called coke, (439). ' 

i094. AnthracUe, — ^Anthracite or glance^ coal differs from 
common coal, which it frequently accompanies, in containing 
no bituminous substances, and in not yielding inflammable 
gases by distillation. Its sole combustible ingredient is car- 
bon, and consequently it burns without flamie. 

It often occurs in the immediate Ticlnity of bbsalt,' Under cir- 
cumstances which lead to the suspicion that it is coal from 
which the volatile ingredienta have been expelled by subterra- 
nean heat 

Anthracite is ^ found in different countries, but nowhere in 
such proluse abundance as in the eastern part of the State of 
Pennsylvania, which supplies most of the northern and eastern 
parts of the United States with fuel. 

1095. lUumincUinff Gu8. — The gas used so extensivel^y at the 
present day, for illuminatihg the streets of cities, is prepared by 
the distills^tion of oleaginous^and resinous subst^inces, and bi- 
tuminous <;oal. In the United states, common rosin is much 
used, but in other countries bituminous *coa], or coarse oil of 
some jund, is found to be cheaper, ^he ga^ foriped by the 
different processes, is probably a mixture of several compounds 
of carbon and hydrogen, but the most important is Supposed 
to be olefiant gas, previously described, (468). 

1096. The formation of coal and oil gas is a process of con- 
siderable delicacy. Coal gas is prepared by heating eoal to 
redness in iron retorts. The quality of the gas, as made at 
different placesi or at the same {dace at differeut times, is very 
yaria1)]e ; the specific gravity of some specimens having been 
found as low as 0.42, and that of others as high as 0.700. 
These differences' arise in part from the nature of the coal, and 
partly from the mode in which the process is conducted. . The 
regulation of the degree of heat is the chief circumstance in 
the mode of operating, by which the quality of the gas is 
affected. , ^ , 

An illuminating gas like that formed by the distillation of 
oal, is sometimes presented ready formed by nature, and 
onstantly issues into the air like light carburetted hydrogen, 
from between beds of coal in a coal mine: The DIuminating 
power is not equal to that of the gas formed l^ fyrt, but, by 
means of suitable apparatus, the gas is sometimes collected 
as it isl^ues from, the earth, and whole villages lighted by it. 
The viUage of Fredonia iri the western part of New York is 
lighted in this manner. 
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10^. C^ gas requires still mojre care in its preparation thaii 
that made from coal.* To form it of the proper density the re- 
tort should be kept at a dull red heht, and the oil allowed. to 
enter a little at a time. ' When rosin is used, it is melted before 
it is introduced into the retort. 

.Gas formed from coal has always to be cleansed from h^dro* 
sulphuric acid, by passing it through milk of lime, before' it is 
fit for use; and eveii then it is often found to yield some sul- 
phurous acid daring its combustion. Oil gas, or that formed 
from rosin, on the contrary, needs no purification.. 



SECTION TIL 

COLORiNO MATTBRB, 

1008. Inpinitb diversity exists in the color of vegetable sub- 
stances ; but the prevailing tints are red, . yellow, blue, and 
green, or mixtures of these colors. Coloring matter rarely or 
never occurs in an insulated state, but is always attached -to 
some other proximate . principle, such . as mucilaginous, ex- 
tractive, farinaceous; or l-esinous substances, by which some 
of its properties, and particularly that of solubility, is greatly 
influenced. 

Several 'of the metallic oxides, and especially alumina and 
the oxides of iron 'and tin, form with' eolorixig matter insolujble 
compounds, to i^ich the name of /afc^^is applied* Lakes are 
commoftly obtained by mixing alum or purechlorid^ of tin 
with a colored, solution, and then by means of an alkali pre- 
cipitating the oxide, which unites with the color at the moment 
or separation. On this property are founded many of the pro- 
cesses in dyeing and calico printing. The art of the dyer con- 
sists in ^ving a uniform and permanent color to cloth* This 
is sometimes effected merely, by immersing the cloth in the 
colored solution ; whereas tor other instances the affinity be- 
tween the color and the fibre .of. the cloth is so slight that it 
only receives a stain trhich is removed by washing "with watel*. 
Jn this case some third substance is requisite, which has an 
aJ&nity both for the cloth and .coloring matter, and which, by 
combining at the same time With each, may eause the dye to 
be permanent. A substance of this kind was formerly called 
a mordant;, but the term basia la now more generally em ployed. 
The most important bases, and indeed the only ones in com- 
mon use, are alumina, oxide of iron, and 'oxide of tin. The 
two former are exhibited in combination either with the sul- 
phuric or acetic acid, and the^ latter most commonly a^ th^ 
chloride. Tho^e coloring, substances that adhere to the cloth 
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withoat a basis are called mbstantive colors, and th<Mie whicK 
require a basis, adiective colors. a 

Various £fs are the tints observable in dyed stuffs, they may 
all be produced by tlie four simple ones, blue, red, yellow, ano 
black; and hence it will be c^ivenient to treat of coloring 
matters in that .order. 

1099. Bluejiyes. — ^Indigo is chiefly obtained from an Ameri- 
can and Asiatic plant, the Indiffofera, several species of which 
are cultivated for the purpose.. It is likewise extracted from 
the Nerium, tinctorium ;. and an inferior sOrt is prepared from 
the IsoHs tincloria or wood, a native. of Europe. • 

The indigo of commerce, which occurs .in c'akes of a deep 
blue color and earthy aspect, is a mittufe of several substan- 
ces, as indigo-brown, indigo-red, and indigo-blue, each of 
which may be obtained in a separate state. These may be 
converted into each other 'by a slight change of composition. 

Indigo-blue is the well kno^n coloring substance of common 
indigo. When pure, its composition is NC , cHjOa. JKt a high 
temperature.it sublimes, and condenses into long flat acicular 
crystals, which appear red by reflected, and blue by transmit- 
ted light. It has neither taste nor odor, and it is insoluble in 
water, alkalies, and ether. Boiling alcohol takes up a trace pf 
it, and acquires a blue tint; but it is generally, deposited again 
on standing. . Concentrated sulphuric acid, especially thai of 
Nordhausen, dissolves it readily, forming an intensely d^ep 
blue solution, commonly termed sulphate of indigo^ wnich is 
employed by dyers for giyihg the Saxon Hue. 

1100. Red. Dyeg.'*-The substances chiefly employed for producingr red 
dyes are cochineal, an iiisect which feeds upon several' species of the cactus; 
archUf which is obtained firoiti a peculiar J^ind of lichen (lichen roceUa)^ 
growing in the Canary islands; Brazil toood, madder, logwood, 9nd 
sdfflower. The colorings principle of logwood ba9 been obtained in a sepa- 
rate state, and called hematin. Madder is prepared from the root of the 
Rubia tinctorum, and safflower is simply the flower of the carthamus tine* 
toriu$. 

lAtmuB or turnsol is a different preparatioh from the same plant a's archil, 
the lichen rocella ; and carmine is prepared from cophineal. 

1101. Yettov Dyes, — The chief yellow dyes are quercitron bark, turme- 
ric, wild American hickory, flistic, and samon ; all of which are adjective 
colors. Quercitron bark, which is one of the most important of the yellow 
dyes, was introduced into notice by. Bancroft. 

Tuxnieric is the root of the curcuma longa, a native of the East Indies. 
Paper stained with a decoction of this substance. Constitutes th^ turmeric 
or curcuma paper employed by chemists as a 'tdst of free alkali, by the 
action of which it receives a brown stain. 

1108. Black Dyes, — The black dye is made of the same ingredients as 
writing ink, and, therefore, (consists essentially of a compound of oxide of 
iron with gallic acid and tannin^ From the addition of logwood and acetate 
of copper, the black receives a shade of blue. ^ 

Py the dexterous combination of the four leading colors, blue, red, yellow 
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mnd Islaokf all the other 6^^» of-oeler mtty be proeured.- Thfis green is 
communicated by forming ^ blue, ground with indigo, and then adding a 
vellow by .means of quercitron bark.' 

1103. CHlor9phyle,-^-ThiB name haa been applied by Pelletier and Caven- 
ton to the green coloring matter of leaves, it la prepared by bruising green 
leaves into a • pulp with water, pressing out all the liquidi and boilmg the 
pulp in aleohoL . The solution is mixed with water, and the spirit driven 
off by distillation, when the chlofophyle is lefl floating on the sur&ce of the 
water. > As thus obtained, it appears to be wax stained with tlie gi'een color 
oTthe leaves ; and from some late observ^ions the wax may be removed by 
ether j and the coloring matter, leftin a pure state. The re<haatumnal tint 
of tile leaves, according to ^he same observer, is the effec^t of an acid gene- 
rated in the leaf. The green tint may be restored by the action of an 
alkali. 



SECTIQN Vm. 

CHEMICAL PHJSNOMENA OF VlSGETATION. 

1104. Germination is the process by which^a new plant 
priginates from seedl A. seed c6nsists essentially of two parts, 
the germ of the futuiie plants endowed with a principle of Vita- 
lity, and the cotyledons or aeed-lohes, both of which are enveloped 
in a common covering of 'cutide. In the germ two p£itts^ the 
radicle and phcmula, may be disfingnished, the former of which 
i^ destined to- descend into the earth, and constitute the root, 
the latteir to rise into the air and form the stefn of the plant. 
The office of the seed-lobes is to afford nourishment to Uie 
young plants until jts organization is so Jfar advanced, that it 
may draw materials for its growth from extraneous sources. 
For this reason seeds are composed of highly nutritious ingre^ 
dients. The > chief constituei^t of most of them is starch, in 
addition to which they frequently contain gluten, gum, vege- 
table albumen or curd, and sugar. 

1 105. The conditions necessary to germination are three- 
fold; namely, moisture, a certain temperature, and the pre- 
sence of oxy gen^as. The necessity of moisture to this process 
)ias been- provedTby extensive oliservation, . It is well known 
that the concurrence of other conditions cannot enable seeds 
to germinate provided they are kept quite dry. 

A certain degree of warmth is not less essential than mois- 
ture. Germination cannot take place at 32° ; and a strong 
heat, such as that of boiling water, prevents it. altogether, -by 
depriving the germ of the vital prinoi^e.* The most favorable 
temperature ranges fi'om 60° to 80°, the precise degree varying 
with the nature ^the plant, a circumstance that accounts for 
the difference in the reason of the year at which di&rent seed* 
begin to germinate. . > ; 
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1106. The various chemical changes that take place in. the 
germination of seeds, are a^n in the process of'malting, which 
has been already described, (1021). A kind of saccharine fer- 
mentation is produced, by which nutriment is supplied for the 
young plant during the early stages of its growth. This seems 
to be ocoasioned by the influence of the active principle dtoi- 
<a#€,(1008), which is not.pre-existent in the' seed, but is formed 
by the.action of the air and moisture on the albumen contained 
in it. When the process orgermination is over, the plant is 
found provided with the necessary organs for procuring its 
nutriment from the atmosphere and doil ; and there remains of 
the seed only its ligneous husk, which sometimes^ perishes in 
the ground, but at others rises to the. surface and performs. for 
a time the functions of leaves. 

1 107. Growth of Plants,^— .Assimilation of Carbon, — We have 
already noticed (410), the beautiful provision, by which the 
two ereat classes of organized bodies ^ mutually compensate for 
the change each produces in the constituents of tiie atmo^ 
sphere,.and continue that proportion of th6m which is conducive 
to the healthful existence of both. Animals during respiration 
are constantly giving off carbonic acid, while plants by the ac- 
tioirof light absorb carbonic acid and give off oxygen. 

1108. The carbon thus obtained by plants, and the water 
which is absorbed both by the roots, and leaves, furnish the 
elements for woody matteic and other bodies, as sugar, starch, 
&c., which contain oxygen. and hydrogen in the proper pro- 
portion to form water.' But a much more complex action tnan 
this would imply, usually takes place. The absorption of car- 
bonic acid and liberation of oxygen goes on only in the light: 
in the dark an opposite effect is produce^, oxygen is absoi^bed 
and carbonic acicLis given o^; and -the same effect is con- 
stantly produced by the colored portions, as the flowers and 
fruit. But it has been fully proved that, on the whole, the 
quantity of carbonic acid absorbed is much greater than that 
evolved, whilst the quantity of oxygen evolved is mu6h greater 
than that absorbed. The probability therefore is,, that much 
or all of the carbon in plants isimparted to them through the 
medium of the atmospjiere; while the supply of oxygen in the 
air, hi_ place of that which is. constantly disappearing in com- 
bustion and respiration, is kept up by that which plants are ever 
giving off. 

1109. Now in the sofler parts of various plants, abundance of starch is 
often found (99*7); and in the tulbes ai\d cells of ordinary wood it also occurs, 
in' a state indicating a changer into lignine or woody fibred For the forma^ 
tion of starch, C12H10O10, water and carbon only are required; and this 
is supposed to be the actual fesult of the respiratory process of the plant 
By giving o^ 3 eq. of water it becomes ZtgTitne or woody fibre, CiaHgOg. 
By a process which cannot yet be explained, this san^ substance, starch, 
16 probably dso converted into gum. and sugar, though we cannot produce 
the change in the laboratory. 
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illO.' The other numerous secondary producWas the veg^etable acids, 
oUs, coloring matters, &c., which cl\aracterize plants, may be formed from 
starch during the inverse respiratory action just alluded to, -(1108), in whiclr 
carbonic aoid is given *of^ and oxygep absorbed from the atmosphere. 
During tne day the ^sdimilating power of the plant is in action, and carbo- 
nic aeid is rapidly absorbed, and oxygen evolved ; but during the night, 
while the plant is in repose, this. nutritious action ceases, and-% di&renC 
process commences' during' which the various substances natural to the \ 
plant are elaborated, attended, by the absof^ion of oxygen from the 
atmosphere, and the evolution of bacbonic acid and water. This change 
is well illustrated by certain plan^, as the Cacalia Jiemdes, the leaves - 
of which are bitter in the evening, but in the morning -are spur IIHq 
those of sorrel. During the night -oxygen has befen absorbed^^and an acid 
generated from niateriak that were combined, tbe evening previous,, in a 
different mode. 

The important changes that occur during the ripening of fruits, probably 
consist merely iiji new arrangements of the particles cof^nposing the sub- 
stances found in these fruita. • . , 

1111. AssimUatum af Nitrogen. — Tbgcrgh the chief constitu- 
ents of plants are oxygen, hydrogen' and carbon (943), yet 
nitrogen serves a most important purpose, not only as an' 
element of many active vegetable products, as the vegetable 
alkalies, but also as a constituent of those vegeto-animal sub- 
stances, as gluten, albumen, legumine, &c., which "are found in 
all parts of the plant digsolved in its juices, and are the princi- 
pal agents in producing the transformations necessary for their 
germination and growth. The conversion of starch into sugar, 
of starch into woody fibre, ana the vast variety of other 
products found in plants, the ripening of fruit, 6cc-^ ail. have 
their origin in a series o^ actions, induced and maintained by 
the active fermentation of their nitrogenized materia,ls. In 
vegetable substances used for food, this nutritive power is 
found, proportioned^ to the quantity of nitrogen they contain. 

Most of the nitrogen, as well as the carbon, of plants,- is pro- 
bably obtained from the atmosphere, which always contains a 
q^ijantity of ammonia, derived, from the putrefaction of organic 
matter. Thi^ is absorbed by them, and the nitrogen passes 
into their constitution. Some plants derive nitrogen from the 
atmosphere with iwxth greater facility than others. Wheat, 
though it contains much nitrogen, is scarcely capable of kbsorb- 
ingit from the /air, but derives it from the organic matter of 
the soil ; while trefoil thrives nearly as well when planted In 
pure sandy and supplied with water, as when sown in ordinary 
soil. Its nourishment, therefore, of which nitrogen is an im- 
portant part, is derived chiefly from the atmosphere. 

ll\2. Inor,^anw Constituents of Plants, — Besides the sub- 
-stances which form the matter of plants^ various inorganif 
bodies, as the salts, are usually found contained in them, and 
seem to serve some important purpose. If a plant is made to 
vegetate in a soil containing in it small quantities of several 
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salts, we find that while it continues in health, it seems to exer- 
cise a remarkable discretionary ppwefr absorbing some, and 
rejeotins others. Those absorbed most freely are such as are 
required for its proper growth, and are not given up to the 
wetter in which the plant may be immersed ;' while some are 
absorbed and again given off,' and others still are entirely 
rejected, as being injurious. Moi^t plants, as has already been 
' » . remarked, contain a smaH quantity of some salt , of potassa, 
which exists as a carbonate in the ashes resulting from their 
combustion ;. but plants that grow near the sea, or springs of 
salt, water, usually contain soda instead of potassa. Silica, 
lUne, magnesia, dcrC.,'are also often cpntained in plants. 
'1113. As these inorganic substances are.- necessary for the 
proper growth of plants, and all plants do not require the same 
substance,' the reason is plain why the cultivation of certain 
crops is found so much more successful In some soils than in 
others. Thus wheat, which contains silica, lime, magnesia, 
potassa,' and phosphoric acid, could not be expected to nourish 
in a soil destitute of potassa ttnd phosphoric acid. We see too, 
why bone-dust and woodrashes, containing as they do the 
substances wanting in the soil for the production of this-crop, 
should be Ibund greatly to promote its growth, and become, 
under the circumstances, powerful fertilizers. 

1114. Nature and Usiof Manur^.-^TLhe object and Use of 
manures have already been in part anticipated by the remarks 
above. Every substance is called a manure which, applied to 
a soil, increases its productiveness, lii a particular case it may 
be a substance which is required in the proposed crop, but of. 
which the soil is deficient; or it may be ar substance designed 
merely to give the soil a proper texture, so that it may more 
easily be penetrated by the rootlets of the plants, or to increase 
its adhesiveness -to enable it to retam longer the moisture that 
falls upon it It is in the manner last mentioned, inrobably, 
that most mineral manures, as lime,, marl, &c., usually operate. 

1115. From the preceding remarks, the great advantage oC 
rotation of crops may readily be seen. The mineral consti- 
tuents of a soil are derived from the disintegration of its sub- 
jacent rockis ; and some of them being contained only in smaJI 
quantilieiS, by continued succession of the sanje crop may be 
entirely removed, and th6 soil become impoverished^ By sub- 
stituting another crop, which requires little or none of the mate- 
rial which has been exhausted, an abundant harvest may be 
obtained ; and the soil, by the gradual decomposition, of its sub^ 
sou, recover its former constitution; Indeed, a succession of 
crops may be. so arranged, that, instead. of impoverishing a soil. 
It will be gradually' enriched, hy the additions made to its. 
organic components by the roots and rejected parts of the vari- 
ous crops ipfl upon it. ' 

1116. The great value of organic manures is supposed to 
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depend ajmoi^ entirely upon the nitrogen they supply to the 
soil. The- most of the nitrogpn in plants is contained in the 
seedj tubers, &c., those parts which ate selected by 'ifian lor 
food, or for niedicinal purposes, in cotisequenee of the active 
principles tfeey contain ^ and but little is found in" the stem, 
leayes,. root, &c., which" are rejected as useless. The residue 
of a former season, therefore, may manure the land abundantly, 
80 iar as carbon is concerned, but there will be a de^iency 
of nitrogen, an essential element of the future desired crop— an 
dement, too, which ^ahy plants, aii4 ei^eci^Uy the different 
varieties Of grain, are incapable of assimilating directly from 
the atm<)sphere (11^1). This defici«acy U supplied by. the de- 
caying animal and vegetable, substances used as manures; the 
value of which will therefore be very' nearly in proportion to 
the nitrogen they. supply. If mer6 ammoniacal salts are used, 
or perishable animal substances, their whole benefit is imparted 
to the crop Immediat^y 'siicceedihg their application; but 
organic substances which- decay' but slowly, yield a mOre i^r- 
manent benefif : their nitrogen is gradually evolved, aiid though 
little benefit at fiirst appears, the soil is ^t length found to be 
essentially improved. ' , ' • 

1117. In healthy vegetation; light serves a most important 
purpose ; Indeed, without it, no plant could, com^ to perfedflon. 
The peculiar action of ^rtants during the day, by which carbonic 
acid is absorbed and oxygen eyolved (1108), is dependent upon 
this principle ; and the reverse action in the ixight is because of 
its absence. A plant wtiioh gfrows in darluiess, ^ in a cellar, 
however rich may be the soifin which it stands, remains soft, 
its color pale, and its woody fibre unformed^ When brought to 
the light, it ^rhaps increases^ in volume less rapidly, but thfi 
healthy action of the organs at once commences; the green 
color, appears, and all the parts of the plaiit begin gradusdly to 
advance to l3[)aturity. . - ^ 



' CHAPTER HI. 

ANIMAL CHEMISTRY.^ 

11 18. We include in this chapter most substances of animal 
origin, but sjome of this class beinsf produced also in vegetables, 
have already been described in vegetable Chemistry (900). 
The .essential eonstituefits of animal compounds are oxygen* 
hydrogen, carbon, and nitrogen ; but some also contain phos-. 
phorus, sulphur, iron, and earthy and saline matters in small 
quantity; — a few contain no nitrogen. 

1119. Animal substances^n general; are lesis permanent than 
those of vegetable origin; and when life is extinct, they at once 
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Xmdergo the spontaneous change called piUr^action,, during 
which their elements resolve themselves into new and oilea , 
very complex ^nodes of combination. Animal substances can- 
not always be easily distinguished from those of vegetable 
origin; but usually the former may be knbwn by the peculiar 
and offensive odor given off by them during, their combustion. 



SECTION L. , ^ 

COMPOSITION OP TBfE A NJ-M^AL TISSUES. 

1120. Fibrin. — ^Fibrin enters ^largely into the composition of 
the blood, and is the basis of- the muscles; it may be regarded, 
therefore, as one of the most abyndaptof the anijnal principles. 
It is .most conveniently procured by stirring recently drawn 
blood with a stick during its coagulation, and then washing 
the adhering fibres ,with ^^ater until tliey are perfectly white. 
It may also be obtained from lean beef cut into small slices, the 
soluble parts being removed by digestion in several successive 
portions of water. " .^ 

1121. Fibrin -is splid, white, insipid, and inodoroys. When 
moist.it is somewhat elastic, but en drying, it becomes hard, 
brittle, and semi-transparent.* In a moist, w^rm situation it 
readily putrefies. It is insolut)le in water at common tempera- 
tures, but is dissolved in very minute quantity by the continued 
action of boiling water. It is insoluble also ia alcohcri and 
ether. 

Fibrjnis dissolved by pure potassa, and is thrown down- 
when the solution is neutralized. The fibrin thus precipitated, 
however, is partially changed, since it is no longer soluble in 
acetic acid. It is soluble likewise in ammonia. 

The composition of fibrin, according, to -Kane, is expressed 
by the following formula, CaooHeaoNiooOaAo+^^Sa. •" 

1122. Albumen. — Albumen enters largely into the composi- 
tion both of animal fluids and solids. . Dissolved in water, it 
forms an essential constituent of the serum of the blood, the 
liquor of the serous Cavities, and the fluid of dropsy ; and in a 
solid state it is contained in several of the textures of the body, 
such as the cellular membrane, the • skin, .glands, and vessels^ 
From this it appears that albumeri exists under two forms, 
liquid and solid. 

It is also fpnnd in vegetables, (1056), and i6 then called 
vegetable albumen, which however appeata to be in composition 
precisely the same as t'hat obtained from animals. 

Liquid albumen is best procured from the. white of eggs, 
which consists almost solely of this principle, united with 
water and free soda^ and mixed ^ith a small quantity of saline 
9iatter. In this state it is a thick glairy fluid, insi^, inodor- 
ous, and easily miscible with cold water, in a-sufficient quantity 
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of wbich it Is comj^letely dissolved. When exposed in thin 
layers' to a current of air, it dries,, and becomes a soHd 
transparent substance^ which retains its solubility in water, 
and may "be preserved for any length: of time without change; 
but if kept* in itsHuid condition, it readily putrefies. From th^ 
free soda which they contain, albuminous liquids'have always 
an alkalinfe reaction. . . 

1 123. Liquid albumen is eoaguHted by heat, alcohol, and the 
stronger acids. Undiluted albumen is coagulated by a tem- 
perfciture of 16(P, and when diluted with water at 212°. Water 
which contains- only 1.1000th of itg weight of albumen is ren- 
dered opSique by boiling. On this propqrty, is founded the 
method of clarifying by means of albuminous golutions ; for the 
albumen' bein^ coagi^iated by heat, entangles in its substance 
all the foreign particles which are not actually dissolved, and 
carries them with it to the surface of the Ji(^uid. The character 

.of being coagulated by hot water distinguishes albumen from 
all other animal fluids. . * . \ ^ 

1124. Albumen is precipitated by several reagents, especially 
by metallic salts. Of these, the most delicate as a test is corro- 
sive sublimate, which* caiises-a milkipess when the albumen is 
diluted with ^000 parts of water. Other metallic solutions, 
especially solutipn of ferrocyanide of iron, produce a similar 
effect . • '" 

Albumen coagulates without appearing to undergo any 
dhange of composition, but it is quite insoluble in water, and is 
less liable to.putre^ than in its liquid state. It is dissolved by 
alkalies ^ith disengagement of ammonia, and Is precipitated 
from its solution by acids. 

1125. Kaire gives the foHowing formula for albumen, C8 0<iHoaoNioo 
024o4'PS4 (S97)rby which it will.be seen. that it difiem in composition 
ftom fibrin only in containing 2 additional equivalents of sulphur. 

It has been jsuggested that fibrin.and albumen are compounds ofprotnne, 
a coqipound radical, the composition of which is expressed by the formula 
C4oH3|N50i3. If we let Prt be the symbol for this radical, the formula 
for fibrin then will become Prtaft-frPSo* that of albumen*Prt2 0+^84. • 

• 1126. G^c/a^in.-^-Gdatin exists abundantly in many of the 
solid parts of the body, especially in the skin, cartilages, ten-* 
dons, membranes, and bones. 

Gelatin is distinguished frohi all animal prihciples by its 
ready solubility in boiling water, and by the solution forming 
a bulky, semi-transparent, tremulous jelly as it cools. Its ten- 
dency to gelatinize is such, that one part of gelatin; dissolved 
in 100 parts of .water, becomes solid in cooling. This jelly is 
a hydrate of gelatin, and contains so much water that it readily 
liquefies when warmed. On expelling the water by a gentle 
heat, a brittle mass is left, which retains its solubility in hot 
water, and may be preserved for any tength of time without 
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change. Jelly, on the contrary^spon becomes acid by keepmg; 
and thenputrefies. 

1127. The common gelatin of cpmmerce is the weli-known 
cement called ghLCt which is prepared by boiling cuttings of 
parchment, or the skins,'ear8, and koo& of animals, and evap6- 
rating the solution: it may also^be prepared from bones. . Lsin- 
glass, which is the purest variety of gelatin, is povpared from 
the sounds of fish . of the genus adpenser, especially frpm the 
stur^on. The animal jelly of the confectidner^i» made from 
the feet c^ calves, the tendihous and ligamentous parts ef which 
yield a large quantity of gelatin^ 

Gelatin is insoluble in alcohd, biit is dissoWed readily by 
most of the diluted acids, ^which form an e^rcdlent solvent 
for it ' . • . 

1 128. Gelatin manifests little tendency to unite with metallic 
oxides. Corrosive sublimate and acetate of oxide of lead do 
not occasion any precipitate in a solution of gelatin, and the 
salts of tin and silver jaffect it very -slightly. The best, precipi- 
tant for it is tannic acid. By means of an infusion of gallnuts, 
Bostock-detected the .presence of gelatin when mixed with ^000 
times its weight of water-; and it's quantity may even be esti- 
mated approximately b^^tbis reagent. But, since other animal 
substances, as for example albumen, are precipitated by tannic 
acid, it cannot be relied on as a test of gelatin. The best 
character for this substance i^ that of slolubility in hot water, 
and of forming a jelly as it -cools. 

The composition of gelatin is* expressed by the following for- 
mula : C »H,oNjO/. * 

1129. Bonf 8.— The bones of animals consist of earthy saltst, 
chiefly phosphate of lime (503), and anim^ matter intimately 
blended, the former of which are designed for giving solidity 
and hardness, and the latter for ag|r]utinatin^. the earthy par- 
ticles. The animal substances are chiefly Cartilage, gelatin^and 
a peculiar fatty matter called marrow. On reducing bones to 
powder, and digesting them in water, the fat rises and swims 
upon its surface, while the gelatin is dissolved. By digesting 
bones in dilute hydrqchloriq acid, the earthy salts are dissolved, 
and a flexible mass remains which retains the^original- figure 
of the bone, and consists of. gelatin and cartilage: the former 
is by far the most abundant, since nearly the whold may be 
dissolved in boiling water, and yields a solution possessed of 
all the properties of gelatin; The animal matter of bones is 
formed before the earthy matter, and constitutes thi^idus^in 
which the latter is deposited. 

1 180. When bones are heated in close vessels, a large quan 
tity of carbonate Of ammonia, some fetid empyreumatic oil, and 
the usual inflammable gases, pass over into the recipient ; while 
a mixture of charcoal and earthy matter j called animal char- 
coal, remains in the retort If^ on the contrary, they are heated 
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to redness in an open fire, the charcoal 1s consumed, and a 
pure wl?ite friable earth is the sole residue. 

'According to the analysis of Beraelius, 100 parts of dry human 
bones consist of animal matters 33.3, phosphate of lime 51.04, 
carbonate of lim^ 11.3, ftuoride-of calcium 2, phosphate of mag- 
nesia 1.16, and soda, chloride of sodium, and water, 1.2. 

.1131. Teeth are" cogiposed of the same materials- as bone; 
but the enamel dissolves^ comj^etely in dilute nitric acid, and* 
therefore, is free from cartilage. ' From the analysis of Pepys, 
the enamel, contains 78. per cent, of phosphate and 6 of car- 
bonate of lime« the residue being probably gelatin. The com- 
position of ivorjr is similar to that of the bony matter of teeth 
in general. - • • • ^' ' 

The shells of eggs and the' covering of crustaeeous anima]% 
such as lob9tei's;'crabi^,'and the star-nsh, consist of carbonate 
and a little phosphate of lime and animal matter, ^^he shells 
'of oysters, muscles,, and- other molluscous animals, consist 
almost entu*e]y of carbonate of lime and animal matter, and the 
composition of pearl and mother 6f pearl is similar. 

1132. Horn differs from bone- in containing only a trace of 
earth. It consists chiefly of gelatin and a cartilaginous sub- 
stance like coagulated albumen. The' composition of the nails 
and hoofs of animals ^s similar to that of horn ; and the cuticle 
belongs to the same class of substances. 

1133. Tendons appear to be composed almost entirely of 
gelatin ; fox they are soluble in boiling water, and the solution 
yields an abundant Jelly on cooling.' The composition of the 
true skin is nearly the same as that Of tendons. Membranes 
and ligaments are composed chiefly of gelatin, but they also 
contain some substance which is insoluble, in water, '^nd is 
similar to coagulated albumen. 

1134. According^ to the analysis of Vauquelin, the principal ii^edient of 
hair ia a peouliar animal substance,* insdiible in water at 21S°, but which 
may be dissolved in that liquid by mean,s ofPapin^s digester, and is. soluble 
in a solution of potassa. Besides this sul)stanoef hair contains oil, sulphur, 
silica, iron, iiiahganese, and carbonate and phosphate of lime. The color 
of the hair depends on that of it^ oil-; and the effect <of metallic solutions, 
such as, nitrate of oxide of silver, in staining the hair, is owing to the pre- 
sence of sulphur. ' 

The composition of wool and feather^ appears analogous to that of hair. 
The qiiill part of the feather was fdund by Hatchett to consist of coagulated 
albumen. 

^ 1135. The flesh of ai^imals, or invacUa consists essentially of fibrin; bat 
mdependently of this principle it contains jseveral other ingredients, such 
as albumen, gelatin,' a peculiar extractive matter balled oamaxome, fat, and 
salts, substances which are chiefly derived from the ftlood, vessels, and cel- 
lular membrane, dispersed through the muscles.. On macerating flesh cut 
into small fragments, in successive portions of cold waier, the albumen, 
osmazome, and salts are dissolved ; and on boilioff the solution, the albu* 
men is qpagulated. From the remaining liquid the osmazome may be' 
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obtaioed in a separate state by evaporating to the connstence ofan eztractt 
and treatinr it with cold alcohol. ' By the action of boiliogr water, tin 

S latin of the muscle is dissolved, the fat mehs and rises to, the surface of 
» water, and-pure fibrin remains. 

1136. The characteristic odor and taste of soup are owing^ to the osma- 
zome. This substance is of 'a yeOowish-brown color, aiid is distinguished 
from the other animal principles by solubility in water and alcohol, whe- 
ther oold or at a boiling temperature, and by not forming, a jelly when its 
■ohition is concentrated' by evaporation. Like gdatin. and albumen, it 
yields a precipitate with infiision of gall-nuts. . 

1137. The substance of the brain, nerves; and«pinal marrow dMers from 
that of all other animal textnzea. The roost exact analyses of the brain that 
we possess, are those of I^ssaigne.- The different col(^red portions .differ 
essentiidly m their nature, but are. composed chiefly of watery albumen, a 
fattj matter, and traces of phesphates and other salUu- 

The presence of albumen accounts fbr the pai^al Solubjijity of the brain 
in cold water, and for the solution being Coagulated by heat, acids, akiohol, 
and by the metallic salts which coagulate other, albuminous* fluids. By 
acting upon cerebral matter with boiling alcohol, the fatty pk'inciples aiid 
osrhazome are disikJved, \kn6' the solution in cooling depositee the whits 
£itty matter in the form of crystaline plates. Oii expelling the alcohol by 
evaporation, and treating the residue with cold alcohol, the osmazome is 
taken up, and a -fixed oil remains of a reddish-brown color, iind an odor 
like thiit of the brain itself, though mttcl; stronger. • Thesd two species of 
fat differ little from each other, and 'both yield phoiBphorie -add vdien 
deflagrated with nitre. 

1128,' Animal Oils and Fats. — The fatty principles derived 
from the bodiei? of animals are very analogous in composition 
and properties to the vegetable -fixed oils^ (1058); and where 
the latter are comparatively eicpensive, the former are employed, 
both for the purpose of giving light, and for the manufacture of 
soap. ' Their ultimate elements are carbon, hydrogen, and 
Qxygen; and most of them, like the vegetable fixed oils, consist 
of twb oT mor& definite coit)pounds,'such as stearine, marga*- 
rine, oleine, &c., in a state of combination. From these 
the stearic, oleic, margaric, d&c. acids are formed, which have 
already been described, (952). 

1 1 39. IVain Oii^Train oil is obtained by means of heat fi-om 
the blubber of the whale, and is employed extensively in mak- 
ing oil gas^ and for burning iki common lamps. It is generally 
of a reddish or yellow color, emits a strong unpleasant odor, 
and has a considerable degree of viscidity, properties which 
render it unfit for being burned in-Argand lamps, and which are 
owing partly to the heat emi^yed in its extraction, and .partly 
to the presence of impurities. By purification, indeed, it may 
be rendered more limpid, and its odor less offensive ; but it Is 
always inferior to spermaceti oil. ' ' . 

1140. Spermaceti. — This inflammable substance is obtained 
from the tatty matter contained in the bony cavity of the head 
of the whale, {Physeter-fnacrocepalus).- On subjecting this 
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isubstanpd to pressure, a quantRy oF pure limpid oil is ex- 
pressed, called spermaceti oil ; and the remainder, after being 
melted, strained, and boiled' with; a solution of potassa, is the 
solid spermaceti. It -occurs in cry staline plates of a white color 
and silvery lustre; is very brittle, and soft, and slightly unctu^ 
ous to tbe toiich. It has no tasfe, and scarcely any odor. It 
is insoluble in watei?, but dissolves in about thirteen times its 
weight of boiling alcohol, from which the greater part is de- 
posited on coolEig in the form of brilliant scales. It. is still 
more soluble in ether. It. is exceedingly fusible, liquefying at a 
tehaperature which is distinctly below 212°. ... 

The spermaceti of commerce always contains some fluid 
©a, from which it niay be ^;iurified by solution in boiling alco- 
hol. . To the whitei cr.y^taline scales deposited from the spirit 
as it cools, and which is spermaceti in a^statQ of perfect purity, 
Chevreul has given the name cetine, . v 

IHL .ffogfilard.^Th\a fat is of a nearly whife color, and the 
fusing pc»nt of different varieties betweeir7&° and 88°. It pro- 
bably contains, both stearine and margarine besides oTeine.. 
When saponified, it jdelds margaricr, stearic, and oleic acids, 
and glycetina. ' ^ • ' 

1 142. Suet. — This term is applied to <the fat situated about 
the loins and kidneys, whiph is less fusible than the fat from 
other parts of the same animal. The suet from the ox and 
sheep is principally used; when separated by fusion from the 
membrane in which it occurs, it is called tallow, and is exten- 
sively employed in the manufsicture of soap and candles. Beef 
and mutton suet resemble hogslard in their constituents and in 
the products of saponification. Beef suet,' when fused, pongeals 
at 102°^,^ahd mutton siiet at 98° or a few degrees higher. 



. SECTION^I; 
COMPOSITION OF THE BL0(H> AND PHENOMENA OF RESPIRATION. 

1143. Gompqmthn of the Bldod,-^The blood is distinguished 
from other. >|iima] fluids- by its color, which is a florid red in 
the arteries, and of a dark purple tint in the v6ins. Its taste is 
slightly saline, its odor peculiar, and to the touch it seems 
somewhat unctuous. Its 9pe(;.ific gravity is variable, but most 
commonly it is near 1.05; and. m man its temperature is about 
98° or 100°. . While flowing in its vesi^els, or when recently 
drawn, it appears to the naked eye as a uniform homogeneous 
liquid; but if examined with a micfoscope of siifl5cicnt power, 
numerous red particles of a globular form are seen floating in 
nearly a colorless fluid. 

When the blood is withdrawn from the system, these glo-' 
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bules contract into a solid, mass t)r * codgulum, which entirely 
separates on standing from ihe liquid serum. This is a thin 
yellowish liquid, oC sp. gr. about 1.03, &nd ebagulates when 
heated to about 140^. It has .a^ slight ailkaiiBe reaction, owing 
to the presence of soda, and contains a considerable quantity 
of albumen. , ^ 

In the jiving body the blood also contains iSbrin in solution, 
which, however, soon separates from* the coagulum after its 
extraction from the sy^em. Various salts also are foundV as 
common salt, phosphates of litn6, magnesia, and amiHonip, and 
lactates of soda and 'magnesia.- . 

1144. The relative proportion of the ingredients of the blood 
must necessarily vary independent of disease, even in the same 
individual, according as the nutritions is scanty or. abuncjant. 
Slight variations are fi^so occasioned by difference of age and 
sex. - 

1145. The coloring matter of the blood, to which the term 
hematosine' is applied, is so analogous in n>ost of its che« 
mica] relations to albumen, that its complete separation from 
it is attended with great difficulty. It is obtained fiearly pure 
by cutting the clot of blood -into very thin slices with a sharp 
knife, soaking them, repeatedly in distilled water, and letting 
them draia on bibulous paper after each immersion : 'the slices 
are then broken up in diistilted water with a stick,' briskly stir- 
ring in order to dissolve the coloring .matter ; and the filtered - 
solution is evaporated to dryoess in shallow capsules or dishes 
at a temperature of 80^ or 100°. 

Soluble hematosine, when quite dry, is black, with a lustre 
like jet in mass and red in powder or in thin layers, is insipid 
to the taste, and inodorpus. In cold water it readily dissolves, 
forming a red, liquid, whieh may be preserved without change 
for months. Its solution, like that of albumen, may be coagu- 
lated by heat as already mentioned ; but when quite dry, it 
may be heated to 212° \^ithout 'being rendered insoluble. Al- 
cohol and acids likewise precipitate it: the latter deepen its 
tint, and fall in combination with it : but the compounds of he- 
matosine with the muriatic, sulphuric, arid acetic acid may be 
dissolved in water by means of^an exQess of their acid. The 
alkalies do not precipitate the aqueous solution ofl^ematosine ; 
but its solution in hydrochloric acid yields red- flocks on the 
addition of ammonist. • - -' 

Hematosine consists of Carbon, hydrogen, nitrogen, oxygen, 
and iron, and its formula, according to the best analyses, is 
C4,H2 3N306Fe. 

1146. Prom the presence of iron ih hematosine, and its total 
absence in the other principlfjs of the blood, chemists were in- 
duced to suspect that its peculiar color is in some way or 
other produced by that metal,, an idea which received additional 
support from the known tendency of peroxide c^ iron to form 
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saltfi of a red' color. But this view, though -plausible on tbe% 
grounds^ is in ot|ierre$p6cts improbable. 

The iron in. re&Iity is to be considered as an integral part 
of the organic constitution of. the substance. It amounts 'to 
nearly 7 per cent, of the hematosine. 

1147. Although hematosine is the qoloring material of the 
globules of blood, it-is pcsphtonlyin small- qiSantity, 100 parts 
C)f dried globules containing but 4'or 5 of gure hematosine. A 
solution of the colored globules in water, when exposed to the. 
ait, becomes ofa brighter red-color,'^ being thus partially affected 
in the same manner as in the pzTssage of the blood through the - 
lungs of the living animaL . The solution costgulateis when 
heated to 155°. ' : . : ' . 

JL148: The coagulation of the blood consists -in the aggluti- 
nation of the fibrin it contains, and^ perhaps some' essential 
change in the arrangement of its particles in consequence of 
the loss of vitality. -The time required for the coagulation of 
the bipod depends much upon temperature, being promoted by 
heat and retarded by cold. It bas been found that blood which 
begins /to coagulate in four minutes and ^ half in an atmosphere 
of 53°, undergoes Jthe same change in two minutes and a half 
at 98° ; and that which coagulates in four minutes at 98°, will 
become solid |n one minute at 120°. On the contrary, blood 
which coagulates firmly in five^ipinutes at 60°, will remain 
quite fluid for twenty minutes at- the .temperature of 40°, and 
require upwards Of aq hour for complete coagulation^ 

1149. The process of .coagulation is influenced by. exposure 
to the air. If atmospheric air be exduded, as by filling a bottle 
completely with recently drawn blood, and closing the orifice 
with a good stopper, coagulation is retarded. I]t is singular, 
however, that if blood be confined . within the -exhausted' 
receiver of an air-pump, the coagulation is accelerated. 

Some substances prevent the. coagulation ^f blood. This 
effect is produced by a saturated solution of chloride of sodium, 
hydrochlorate of amtnonia, nitre, and a solution ;of potassa. 
The coagulation, on the contrary, is promoted by alutn and 
the sulphates of the oxides of ainc aiid copper. The blood of 
persons who have died a sudden violent- death, by some kinds 
of poison, or from mental emotion, is usually found in a fluid 
state. Lightning is said to have a sinillar enect ; but ihe point 
seems norto be entirely settled. 

The'cause of,the'coagulati(JELof the blood has been the sub- 
ject of much speculation among phy^iol^sts, "and is as much 
a question at the present time as it ever Was. The reason 
why the blood retains its fluidity, coursing its way through the 
various minute ramifications of the system, during life, but im- 
mediately coagiulates when the vital principle nas fled, yet 
remains one ofjthe profound mysteries of nature. 

All v^e can say- is, tjie blood; whilst in connection with the 
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living animal, participates in its life; and in consequence of it, 
retains its fluidity ; but deprived of this vitality, it yields at 
once to other unknown inftuenceg which produce this effect 

1150. The blood may be. diseased eitlier'by the excess or 
deficiency of one or more of its proper constituents, or from 
the presence of substances which arfe foreign to it. In acute 
inflammatory diseases, there is often a great increase. in the 
quantity" of fibrin ; while in other disease^s, as chlorosis, the 
fibrin is unaffected, but the albumen of the serum is diminished. 
In diabetes mellitus, traces of sugar are found in the blood, 
especially after meals (1007). / 

One familiar instance of diseased blood is jaundice, when bile 
enters* the circulation and is distributed to every organized 
part of th6 body:. Though the presence of bile in the blood 
during jaundice has been 4etected, yet its passage into the cir- 
culating mass appears so rapidly succeeded by its exit, that its 
detection in the blood itself is generally difficult. Urea has 
also been det-ected sometimes in verylarge quantity : it appears 
to be constantly present hi the blood,. whenever the secretion 
of urine is suppressed. 

1151. The most remarkable Icind of diseased blood which lias 
yet been studied by chemists is that which occurs in cholera. 
During the progress of that disease, an enormous discharge 
takes place of a whitlsh-cblored fluid similar to a mixture of 
boiled rice with water, an appearance occasioned by a white 
flaky matter floating in a nearly colorless liquid. The insolu- 
ble part has the character of fibrin ; while the liquid portion is 
a weak solution of albumen, is faintly alkaline, atid contains 
the same kind of salts as exist in the blood* On examining 
the' blood itself, it is found to contain less water and more 
albumen and hematosine than healthy blood: the density of 
the serum is consequently, greater tlmir usual; its color is 
remarkably black even in the arteries; in some cases it is 
semi-fluid, and incapable of coagulating, having the apptearance 
of tar; and the salts of the blood are offen' in unusually small 
quantity, iDeing sometimes alrnost entirely waiting* On com- 
paring the condition of the blood with that '6f the discharges, it 
is manifest that the latter contains all the ingredients of the 
blood except the red globules; but that the aqueous and saline 
parts pass out of the circulation jnore rapidly than the albu- 
minous. 

The cause of these changes is b^ no means understood, and, 
as always happens in Such caseS, there is'agreat variety of 
opinions with regard to it. 

1152. Phenomenti of Respiration. ^In the lidng body the 
blood in the veitis and arteries is well known to differ remark- 
ably in color ; in the former it is of a dark purple red, but in 
the latter, of a brigfit Vermilion color. ftJ^ change from the 
venous to the arterial state is effected In the living animal 
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during the passage of the bbod through the capiUary vessels 
of the lungs, wh«re it is exposed to the action of an extensive' 
surface of atmo^heric ait, through the thin membranes which 
separate these from the air-vessel§; and the arterial blood, in 
traversing the capillary system of the h^ody, imparting^fxourish• 
ment.to it, gradually assumes the dcork-colored condition in 
which it is returned to the heart by the veins. The same change 
is produced when venous blood, just i^ken from the system, is 
brought in contact with .atmospheric air, and is attended with 
the evolution of carbonio acid gas. It takes place more speedily 
when air is agitated with blood;, it is stiil more rapid when 
pureoxygen is substituted fol* atmospheric air: and it does not 
occur at all when oxygen is entirely. exclude. The quantity 
of carbonic acid. developed very exactiy corresponds with the 
oxygen, which disappears; but when the blood and. air are 
agitated together, part of the carbonic acid whic^ would other- 
wise be fbutid^as g«s» is absorbed by the serum. It appears 
certain, from the experiments of Chrifitison, that the coloring 
matter is «the part of the blood essentially concerned in the phe- 
nomenon ; .an- inference which is drawn, not from the mere- 
change of tint, but from the effect of the blood on the air vary- 
ing with the quantity and condition of the coloring matter. In 
some fevers, as acute rheumatism, in .which the circulation is 
rapid and the. respiration fre^ the venoiis blood is found to b^ 
very florid, and to withdraw very little oxygen from air ; and 
a similar scanty abstraction, of oxygen is observed in dark 
venous blood, when its usual proportion of coloring matter is 
deficient. ' * - . 

11 53. The conversion of the dark purple color of venous blood 
into the flbrid tint of that<>Qntained in the arteries, is familiarly 
expressed by the term lartericUization ; or, more strictly, this 
name is applied to a change in the constitution of the blood, 
which is accompanied a£d indicated by chemge of color,, 
evolution of Q2trbonic acid, and abstraction of oxygen from the 
air. : , 

Chemists have differed about the origin of the carbonic acid. 
Some suppose that the blood, in circulating through the body, 
becomes charged with carbon in some unknown -mode of com- 
bination, which -causes^the venous character; and that when 
such blood is exposed to the air, its redundant carbon,. by a 
process of oxydation, unites directly with atmospheric oxy- 
gen, the <;arbonic acid so generated is set free, and the blood 
unloaded of carbon' recovers the arterial chs^racter. By others 
venous blood is thought to owe its color to the presence, of 
carbonic acid ready formed within it; they maintain that oxy- 
gen gas is directly absorbed into^ the blood, and displaces the 
pre-existing carbonic acid (1158). 

1154. But arterialization does not alone depend, as was 
thought till lately, on the influence of the atnlosphere. Stevens* 
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in hirtreatise on .the blood, has the merit. of proving the saline 
matter of the serum to be essential to the phenoi^enon. Vari- 
ous salts, «uch as nitre, chlorate of potassa, sea-saltj^and bicar* 
'bonate of soda, hare the. property of giving 4o hematosine, or 
the coloring prinjciple of the blood, a bright red tint, far more 
florid, when a strong serine solution is used, than arterial blood. 
A saline solution of the requisite strength gives to^venoiis blood 
the arterial tint, without, exposure to the air; but the seliim 
contains so small a quantity of salt that its^ effect becomes visible 
•only when aided by the' aj^ency of the atmosphere. A clot of 
venous blood, when <»renilly separated from its serum, is not 
brightened by oxygen gas ; . and arterial blood, when its serum 
is displaced by pure water, becoiQes sis dark ^s venous blood. 
Hence it may be inferred ^at the'change from venous to arte- 
rial blood consists of two parts, which are essentially distinct: 
one is attended with the direct absorption of oxygen, and the 
eJTolution t)f carbonic- acid pre-existing in venous blood, an 
action esitential to \ife; and tiie. other, the mbstconspicuous 
but probably the least essential, is the effect of thesaline parts 
of the serum, which impart a flprid tint to the coloring matter 
after the former chsinge has occurred. -By what means the 
absorption of oxygen giv<^s rise to the evolution of carbonic 
acid, is a question which, like others that will occur to the 
attentive reader, has nbtbeen sufficiently explained, and invites 
further investigatipn. . • \ ' 

1155. The same change^ which opcur in blood- 40ut of the 
body are continually tamng place within it Dupng respira- 
tion, venous blood is exposed in the lungs to the agency of the 
air and is arterialized, oxygen gas disappears, . and earbonic 
acid is evc^v^ ; and it is remaricable that thesa phenomena 
ensue not onljr during life. But even after death, provided the 
respiratory process be preserved artificially. - Since, therefore, 
all the characteristic phenomena of arteriaUzatjon are the same 
in a living and in a dead animal, and whether the blood is or is 
not contained in the Ijody, it seems legitimate to infer that this 
process is not necessarily dependent on the vital principle, but 
is solely determined b^ the laws of chemicaj. action: ^ 

The absorption of oxygen' and the evolution of. carbonic 
acid gas during respiration have •been long known, but msmy 
of the attending circumstances yet remain unsettled. 

H56. The quantity 'of oxygen withdrawn from the atmo- 
sphere, and of carbonic a<5id disengaged, is variable in diflferent 
individuals, and in the same individual at ^different times. From 
the observations of Prout, it appecn-s that the quantity of car- 
bonic acid emitted from ^he Itings is variable at particular 
periods of the day, and in particular states of Ihe-system: It 
is more abundant during the- day than the night ; about'day- 
oreak it^egins to increase, continues to do so till about noon, 
and then decreases until sunset.. During the night it seems to 
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remain pniformly at a mininiuin ; and the maximum quantity 
given off at nooii exceeds the mini9>um by about one-fifth of 
the whble: The quantity of carbonic acid is diminished, by any 
debilitating' causes, isuch as low di^, depressing passions, and 
the like. . 

1157. Although in respiration the larterialization of the blood 
by means of fi-ee oxygen is the essential change, without the 
due performance, of whifch the life df warm-blooded animals 
cannot he preserved beyond a few minutes, and whidi is 
likewise necessar3r to the lowest of the insect tribe, it is im- 
portant to determine whether the nitrogen of the atmosphere 
has any infhience in the fuhction. ■ The results of different 
inquirers differ considerably; but it is now wejl ascertained 
that nitrogen is sometimes at least absorbed, and the proba- 
bility is, it is not entirely passive in the important functions of 
respiration.. 

1 158. Two theories have been proposed to explain the phene- 
meBa of respiration. AccoS-ding. to one theory the carbonic 
acid found An the respired air is actually generated in the 
lungs themselves; while, accordinff to the other, this gas ia 
thought to exist ready formed in the-blo6d, and to be merely 
thrown off from that liquid during its dis^bution through the 
lungs. 

It is now very well ascertained that the oxygen of the air in 
the lungs is absorbed by the blood, and carried by the circula- 
tion to every part of the body, where it combines with the 
carbon which is present in excess, producing the carbonic acid 
that is thrown off in the lungs. It is found by examination that 
both arterial* and venous blood hold, in solution quantities of 
oxygen, nitrogen, and carbonic acid; but in arterial blood the 
quantity of oxygen is. much greater in proportion to the car- 
bonic acid than 'in venous blood, while the quantity of nitrogen 
is the same in both. '^ » 

Formerly it \«?as jnbt known I)ow the air is able to-act upon 
the blood in the lungs, inasmuch as the airrcells and those con- 
taining the bloo^ are separated from each other by membranes; 
but it is now fully settled that' animal and other membranes 
are permeable by the different gases (409). 

1159. Animal Heat. — It has long been known that there is ^. 
close connection between^ the function of respiration and the 
development of heat in the animal systetn, though the precise 
nature of this connection is not even now fiiUy understood. 

Thus in all animals whose respiratory organs are small and 
imperfect, and which, therefore, consume but a comparatively 
minute qua:ntity of oxygen,' and generate little carbonic acid, 
the temperature of the blood varies with that of the medium in 
which they live. In warm-blooded animals; on the Contrary, 
in which the respiratory apparatus is larger, and thechemica' 
changes more complicated, the temperature is almost uniform ; 
36 
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804 those have the highest temperature whose. luQgs, in,pro 
portion to the size of their bodies, are largest^ and which con- 
sume the greatest quantity of pxygcn. The temperature of 
the same animal at different times is -connected with the state 
•of the respiration. When the blood circulates sluggishly, and 
the temperature is k>w, the'^uanti^ of oxygei) gonsumed is. 
comparatively- small ; but, on tlie cdntrary, a large quantity, of 
that ga^ disappears wiien the circulation is brisk and the pow6r 
of generating heat energetic. )t has also been observed, that 
when an animal is placisd in a very warm atmosphere, so as to 
require little heat to be generated within his own body, the 
consumption of oxygen is unusually small, and tbe» blood withiif 
the veins retains the arterial character.^ 

n60> Tbe'^rat consiBtent theory of the productioa of animal beat was 
proposed by Crawford.^ This theory was ^tmddd on the assumption 4hat 
the carbonic acid contained in the breath is generated in the^longs, and . 
that its formation is accompanied with disengagement of caloric. But 
since the temperature of th^ lungs is not higher tbi^n that of other internal 
organs, and arterial very^ little if at all warmer than venpos blood, it follows 
tl^at the greater part of-the oaloric, instead of becoming free, must in some 
way or other be rendered insensible. Accordingly, on comparing the spe- 
cific caloric of arterial and venous hlood, Crawford found the capacity of 
the former to exceed that of the latter in the ratio of 1030 to .892.- He, 
therefore, inferred that the dark blood within th6 veins, at the moment of 
bein^ arterialized, acquires an increase of insensible caloric ; and that while 
circulating through the body, and gradually resuii^iilg the venous character, 
it suffers a diminution of capacity and evolves a proportional degree of 
heat ~ • ' 

Unfortmiately for this hypothesis of Crawford, b^ntiitd ai it is, it seems 
not to be sustained, by ficcts.- It Is very well aso^tained that there is little 
if any difference, in the capacities for caloric of venous and arterial blood ; 
and if it is so, the hypothesis of course falls to the ground, v ~^ 

1161. Other theories have been ' proposed, but none of them appear to 
have been generally received. Some f>hysiologt8t8 have even denied that 
there is any connei^ion between animal heat and respiraticm, and. ascribed 
the evolution of heat in the system entirely to the influmice of the nervous 
system ; but this is probably erroneous. The probability is entirely in favor 
of the opinion tliat the temperature of the system is kept up neither by re- 
spiration or nervous inffuence afone^ htxt by the two combined, aided per- 
haps by other functions. 



SEj^TION. m. ^ 

' .■•.■• 

CREMICA'L PHENOMENA OF DIGESTION. 

U 62. The phenomena of digestion are various find compli- 
cated,, and are produced by the jpinf action of several sub- 
stances, as the saliva, the gastric jiiice, and the. bile. 

.1 16S.' ^o&va.— The saliva is a slightly vi6cid liquor, secreted 
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by the salivEiry glands. When mixed with distillecl* water, a 
flaky matter siibslde's, which is mucus, derived apparently from- 
the lining membrane of the mouth. The clear solution, when 
exposed -to the agency of galvanism, yields a coagulum^ and is 
hence inferred to contain albumen ; but the quantity of this 
principle is so very small, that its presence cannot be demon- 
strated by any other reagent. The greater part of. the animal 
matter remaining in the liquid is peculiar to the saliva, ^nd 
may be termed salivary matter. It is soluble in water, insolu- 
ble in alcohol, and when freed fromi. the accompanying salts, 
is not precipitated by subacetale of lead, corrosive sublimate, 
or infusion ofgall-nnts. ^ . . 

The" only known use. of the saliva is to form a soft pulpy 
mass Mfith ^he fopd during ma«tication, sx» as to reduce it into 
a state fit for being swallowed with facflity, and for being more 
readily acted on by thejuicesLOf the stomachr. ' • 

Coqcretions are sometimes found in the sali varyglands and 
ducts of animals, buat , not often in. the human subject; The 
deposition of tartar, as it is called, uf^bn the teetlv takes plape 
chiefly or wholly from the saline and other substances con- 
tained' in the saliva. 

1164. Pancreatic Juice. — This fluid has generally , been sup- 
posed to be analogbus to .the saliva, but recent experiihents 
indicate that it is essentially difterjenJU . I'he chief animal matters 
are albunien, and a subistance like 'curd ; but, it also contains a 
small quantity of salivary matter and osnaazome. It reddens 
litmus paper, owing to. the presence of free acid^ which is sup- 
posed to ^be the acetic. Its salt^ are nearly the same as- those 
contained in the saliva^ except th^ suljihocyahic acid is 
wanting, • - • %s. 

11 65. Gastric Juice. — The gastric- juice, collected fromUhe 
stomach of an animal killed while^ fasting, is a transparent fluid 
which has a saline taste, and has neither an acid nor alkaline 
reaction. During the process of digestion, on the contrary, it 
is found to be distinctly acid. This efiect is occasioned also 
by the pr^qnee of flint stories or other indigestible matters; 

' but it is produced in a still greater degree by substances of a 
stinnilating nature. According to observation, the acidity -is 
owing to the secretion of free hydrochloric and acetic §icids. 

1166.. "the gastric juice coagulates milk, apparently inconse- 
quence of the acid secreted during digestion. It is highly 
antiseptic, not only preventing putremction,but rendering meat 
fresh after it is tainted. But of alt the properties of the gastric 
juice, iti? solvent virtue is the most remarkable, beings tSat on 
which depends the first stage of the process of digestion. 
When the food, is introduced into the stomachs it is there inti- 
mately mixed with the gastric juice, by the agency of which 
it is dissolved, and converted irito a semi fluid matter called 
chyme. That this change is owing to the solvent power ,of the 
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gastric juic^ lias lieen fully 4eteriDined ; and it seems to Ik* 
well established as a further fact, that the gastric juice secreted 
in the stomachs of animals of any species is especially adapted 
for dissolving the particular kind of food upon which the spe- 
cies usually feed. Thus the gastric juice of animals that live 
chiefly upon animal food is found ta possess the power of dis- 
solving flesh readily, while it is capable of acting but slightly f 
upon vegetable substances; but in animals that subsist chiefly 
upon vegetables, these substances are readily dissolved, though 
little effect is produced upon animal matter. Thef gastric juice 
of the human* stomach seems to possess the power of dissolving 
with equal facility both animal and vegetable foocl. 

Great diversity of opinion has prevailed respecting the. cause of the sol- 
vent property of the gastric tihid. But it is now well settled that it depends 
upon a pecunar principle balled pgpstne, secreted by the mucous membrane 
of the stomach and other organs, aided by the flree^^cids above mentioned, 
(1165), which are present in small quantity, and a little common salt; and 
liydrodiloraie of ammonia. That the acrds are important is shqwn by the 
fact that th9 solvent power of the juice is much diminished by n^sutralizing 
them by magnesia. ' ^ . "^ 

. 1167. BUe, — ^Tbe b^e is a yellow or- greeniah-yeUoWcoJored fluid, of a 
peculiar sickening odor, and of a taste at first sweet and th^n bitter, but 
exceedingly nauneous. Its consistence is variable, being sometimes limpid, 
but more commonly viscid sijid ropy. It is rather denser than water, and 
may be mixed with that liquid ii^ every proportioq,- It contains a minitte 
quantity of -free soda, and' is, therefore, slightly alkaline ; but owing to the 
color of the bile itself, its action on test paper is scarcely visible. 

The chemical constitution of the bile has been a Subject of study by 
many \eAme^ chemists, but has not yet been satisfactorily determined. A 
peculiar substance called pieromelf ^ems to be one essential ingredient 

The derangement which takeis ^laoe in the system when Ui.e secretion 
of bile .or its passage in. the intestines is arrestied, is a sufficient indication 
of the importance of this fluid. It acts^s a stimulus tathe intestine canal 
generally, and produces on the >chyme lK)me peculiar chanjge, which i^ es- 
sential to its conversion into chyle. • ' , ,. 

1168. Chyle, — This subi^tance produced as jufit sho^vnfrom chyme, is 
absorbed from the small intestines by the lacteal vessels during the process 
of digestion. Its appearance diflers in. various animals; but as collected 
from the thoracic duct of a manlmiferous anitaal three or four hours after 
a meal, it is a white opaquQ fluid .like milk, having a sweetish and slightly 
saline' taste. In a few minUtes afler removal from the duct it becomes 
solid, and in the course of twenty<.fbur hours separates into a firm coagu- 
lam, and a limpid liquid which may be called the serum, of the chyle. 
The coagulum is an opaque white substance, of a slightly pink hue, insolu- 
ble in water, but soluble easily in the alkalies. i(nd alkaline carbonates. 
Some suppose it to be fibria in an imperfect state, or a kind of intermediate 
principle between fibrin «nd albumen-; but others believe it to be more 
nearly allied to the caseous matter of milk. 

1169. Chalfaterine, — Tl^is name (from x^^ ^^« b°<1 oripeos sdHd)^ is 
applied to. the crystaline matter which constitutes, the basis of most of the 
oiliary concretipns formed in the human subject It is- a white, brittle 
iidlid, of a crystaline latnellated structure and brilliant Iti^e, very mucl^ 
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resembling spermaceti ; but- it is distinguished from that Substance by 
Fequiring- si temperature t)C278°^fbr fusion, and by not being convertible into 
soap wheA digested ib a solution of potassa. It is free from taste and odor, 
and Is insoluble in water. It dissolves freely in boiling alcohol, from iqf high 
it is deposited on cooling in white pearly scales. 

Cholesterine* has been detected in the. bile of man, and of several of the 
lower aninvj^s,. such^as the ox, dog, pig, and bear. It is frequently formed 
in parts ci£ the body quite unconnected with the hepatic circulation, and 
appears to be a, common product of deranged vascular action,- and it is 
lielievedy may be forihed in almost any part of the system. 



SECTION IV. 
VARIOUS ANIMAL STTBSTAN.CES NOT. BEFORE DESCRIBED. 

1170. MUc — This weU-knbwn liquid,, secreted by the females 
of the class. mamma/ta for the nourishment of their young, con- 
sists of Ihree distinct parts, the cream,, curd, and .whey, into 
which, by repose, jt spontaneously separates. The icream, 
winch collects. upon its surface, is an unctuous yellowish- white 
opaque fluid, of agreeable flavor. According *to Berzelius, 100 
parts of cream of specific gravity 1.0244, consists of butter 4.5, 
caseous matter '3.5, and whey 92. By agitation, as in the pro- 
cess of churning, the butter assumes the solid form, and is thus 
obtained in a separate state. During the operation there is £ui 
increase of temperature amounting to about three or four de- 
grees, oxygen gas is absorbed, aiid an acid is generated ; but 
3ie absorption of oxygen cannot be an essential part of the 
prdcess, since butter jiiay be obtained by churning when atmo- 
spheric air is entirely excluded. ,• ^ 

After the cream has separated spontaneously, the milk soon 
becomes sour,'and gradually separaties into a solid coagulum 
called curd, and u limpid fluid which is whey. This coagula- 
tion is occasioned by free acetic acid, and' it may be produced 
at pleasiure, either- fy Bdding.a free acid, or by means- of the 
fluid known by the name of rennet, which is made by infusing 
the inner coat of a calf's* stomach in hot Water. When an 
acid is employed, the curd is found to contain some of it, in 
combination, and^may, therefore, be regarded as an insoluble 
compound of an acid with the caseous matter of milk. The 
action of renhet requires further examination i it confessedly 
acts by means of the gastric fluid which it contains, and hence 
its^ coagulating power, consistently with the facts stated in the 
last section, is referalDle to the acidity of that juice. 

The curd of skim milk, made by means of rennet, and sepa 
rated from the whey by washing with water, is generally con 
sidered to-be ca«6ou«^a^^^,. or the basis of cheese ill a state 
of purity. In this stieite- it is 'a white, insipid, inodorous sub 
36* 
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stance, insoluble in water^ but readily soluble in the alkalies, 
especially in ammonia. By alcohol it is converted, like albu- 
men ana fibrin, into an adipocirous substance of a fetid odor; 
and, like the same substance, it may be dissolved by a suffi^ 
cient quantity of acetic acid. - .. 

1171. f^^g'*.— New-laid eggs are rather heavier than water; 
but they become lighter after ,a ^ime, in consequence pf water 
evaporating through the pores of the shell, and air being sub- 
stituted for it. An egg of ordinary size yields to boiling water 
about three-tenths of a grain of saline matter, consisting of 
the sulphates, carbonates, and p()osphates of lime and magne- 
sia, together with animal matter, and a little free alkalil 

Of an egg which weighs lOOO grains, the shell constitutes 
10a9, the white ^6D4.2, and the yolk 288.9 grains. The shell 
contains about two pier cent, of animal matter, one per cent, of 
the phosphates of lime and magnesia, and the residue is carbo^ 
nate of lime with a l|ttle carbonate of magnesia. , 

The ^hite of eggs is -composed chiefly of albumen, but con- 
tains also a portion of sulphur. The. yolk contains ajbumen, 
a peculiar oil, and a large portion of phosphorus, -Which is 
without question, the source of the phosphoric acid contained 
in the bones. The source of the lime in the bones ha^ not 
been ascertained. . . ^ 

]173v lAfmph, — The surfaee of the cellular membrane is moistened with 
a peculiar limpid . traospardnt fluid, called lymph^ which is lA very small 
quantity during health, but collects abundjiXkUy in some dropsical affections. 
Brande collected it from- the thomcic duct of an animal which had been 
kept without food for twenty-four' hours. Its chief constituent is water, 
besides whicli.it contains muriate of soda .and albumen, the latter beincr in 
such minute quantity that it is .coagulated ^nly by the action of galvanism. 
Lymph does not affect the color of test paper; but when evaporated to dry- 
ness, the residue gives n green tint to the syrup of violets. . ^ 

The fluid secreted by serous membranes in general, such as the pericar- 
dium, pleuta, and peritoneum, is very similar to lymph. A substance not 
unlike it is secreted in various diseases. 

1173. HumorB of the B^e, — The aqueous and vitreous humors of the eye 
contain rather more than 80 per cent.of . water. The other constituents 
are a small quantity of albumen, muriate.,and acetate of soda, pure soda, 
though scarcely sufficient to affect the color of test paper, and animal mat. 
ter, soluble only in water, but which |s not gelatin. The crystaltne lens, 
besides the usual salts, contains 36 pel* cent, of a peculiar animal matter, 
very analogous to albumen if nojk identical* with it In cold water it is 
soluble, but is coagulated by boiling. The coagulum has all the i>ropertie8 

f the coloring matter of the blood excepting its color. . ' 

The tears are limpid and of a saline taste, dissojve freely in water, and, 
owing to the presence of fi'ee soda, communicate a green tint to tbe blue 
infusion of violets. Their chief salts are chloride of sodium and phosphate 
of soda. 

1174. JIftieus.— The tenn mueus haa been employed in ver^ different 
significations. Bostoek applies it to* a peculiar animal matter which is 
tolublQ both in hot and cold water, is not precipitated by corrosive subli 
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mate or sbtatiiiD of tannip, is not capable of forming a jelly, ai^d w^ich 
yields a precipitate with' subaoetate of lead. Bat the subsiai^ce or sab- 
stances which have jreceived Jthis name seem not tm be very well defined. . 

1175. Pu9 is a flqid substance secreted hy. inflamed and nloered sur- 
faces. Its properties vary according to the nature of the sore from which 
it is discharged. 

1176. Sweat. — Watery vapor is continually passing 'off by the skin in 
the form^of insensible perspiration ; but when the external heat is consider- 

ble, or violent bodily exercise is- taken, drops of fluid collect; upon the sur- 
face, and constitute What is called . sweat . .This fluid consists chiefly of 
ifi^ater; but contains some murfate of sqd'a and free ^ acetic . acid, in conse- 
queiice of which it has* a saline taste and an acid reaction. 

1 177- Urine.'^The urine differs frbm most of the animal 
fluids which have been described, by not serving any ulterior 
purpose in the ammal Economy. It is merely -an excreticm de- 
signed for ejecting from the system substances, which, by their 
accumulation within the body, would speedily prove fatal to 
health and life. The sole office of the kidneys, indeed, appears 
to consist in separating, froip the. bloo'd the superfluous matters 
that are not required Dr adapted for nutrition, or which have 
already formed part of the body^ iand been removed by ab- 
sorption. The substances which in particular pass off by this 
organ are nitro^n, in the form of highly azotized products, 
and various saline and earthy coitapounds. This sufficiently 
accounts for the great dive rsfty of substances conta^ined in 
-urine. ; » • 

1 178. The quantity of the urine is. affected by various causes, 
especialty by the nature dnd quantity of the liquids received 
into the stomach;* but on an average, a healthy person voids 
between thirty and forty ounces- daily. The quality of this fluid 
Is likewise inJ^ueUced by the same, circumstances, being some- 
times in a very dilute state^ and at others highly concentrated. 
The urine voided in the. morning, by a person who has fed 
heartily, and taken.no more fluids than is sufficient' for satis- 
fying thirst, may be regarded as affording the best specimen 
of natural healthy urine. 

The urine in this state is a transparent limpid fluid of an 
amber color, having a saline taste, and while warm emitting an 
odor which is slightly aromatic, and not at all disagreeable. 

Its specific gravity is about 1.022. It gives a red tint to lit- 
mus paper, a circumstance which indicates the presence either 
of a free acid or of a supersalt. Though at first quite trans- 
parent, an insoluble matter is (deposited on standing; so that 
urine^ voided at night, js found to have a light cloud floating 
in it by the following morning. This substance consists in part 
of mucus from the urinary passages, and partly of superurate 
of ammQnia, which is. much, more soluble in warm than in cold 
water. . ' 
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1 179k The urine is very prone to spontaneous decomposition*. 
When k0pt for two or three days, it acquires a strong urinous 
smell; and as the piftr^faction proceeds, the disagi'eeable odor 
increases, until at length it becomes exceedingly offensive. As 
soon as these changes commence, the urine ceases to have an 
acid reaction, and the earthy phosphates are deposited. In a 
short time, a free alkali makes its appearance, and a large 
quantity of carbotiate of ammonid is gradually generated.- 
Similar changes may be produced in recent urine t)y continued 
* boiling. In both cases the phenomena are owing tcrthe decom- 
position of urea, which is almost entirely resolved into carbonate 
pfanunonia; . ' 

The composition of urine is exceedingly complicated, con- 
taining no less than twenty different substances. The most 
important orgaTiic compounds contained in it are urea and uric 
acid, whicji will be described. 

1180. i/rea.— This substance is always found in healthy 
urine, and, as intimated above (901), may tjle prepared artificially. 
It is best obtained from cyanate of ammonia, by roasting ferro- 
cyanide of potassium, and boiling it in a solution of sulphate 
of ammonia. - The whole is then to be boiled with alcohol, 
which dissolves out the urea, and leaves the isolid sulphate of 
potassa. I'he urea readily crystalizes, on standing, from its 
solution in alcohol. Its crystals when pure are triansparent and 
colorless, of a slight pearly lustre, and have commonly the 
form of a, four-sided prism. It leaves a sensation of coldness 
on the tongue like liitre, and- its smell is ikiiit and peculiar, but 
not urinous. Its specific giravity is about 1.35. It does not 
affect the color of litmus or turmeric-paper. In a moist atmo- 
sphere it ddiquesces slightly ^but othei*Wise it undergoes no 
change on exposure to the air. 

1181. Water at 60® dissolves more than its own weight of 
urea, and boiling water takes up an unlimited quantity. It 
requires for solution about five times its weight of alcohol of 
specific gravity 0.816 at 60°, and rather less than its own weight 
at a boiling temperature. The aqueous ^solution of pure urea 
may be exposed to the atmosphere for several months, or be 
heated to the boiling point, wlttK)ut change ; but on the con- 
trary, if the other ccmstituents of urine are present, it putrefies 
with rapidity, and is decomposed by a temperature of 212°, 
being almost entirely resolved into carbonate of ammonia by 
continued ebullition. - 

The pure fixed alkalies and alkaline earths decompose urea, 
especially by tlie aid of heat, carbonate of amnlonia bping the 
chief product. 

1 182. Though urea has not any distinct alkaline properties, it 
unites with the nitric and oxalic a<;idS) forming sparingly solu- 
ble compounds, which crystalize in scales of a pearly lustre. 
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This* property affords an excellent test of the presence d€ urea. 
Both coinp«»unds have an acid reaction, and the nitrate con- 
sists of 54.15 parts or one equivalent of nitric acid, and 60.54 
parts or one equivalent of urea." 

The composition of urea is exhibited by the following formula, N;^C20j 
H4 :— Eq. 60.54. 

1183. Uric Acid, — ^This aci4^ is a common constituent of urinary and 
gouty concretions, and is always present in healthy urine, combined with 
ammonia or some other alkali/ ' The oirine of birds of prey, such as the 
eagle, and of the^hoa conatricUfTj and other serpents, consists almost solely 
of urate of amm'onia, from which, pure liric acid may be' procured by a very 
simple process. '' ' 

Pure brip acid is white, tasteless, and inodorous. • It is insoluble in alco- 
hol, .and ia dissolved very spaHngly by cpld or hdt water, requiring about 
10,000 times its weight of that liquid at 60° for solution. It reddens litmus 
paper, and unites with alkalies, forming salts which are called urates. 

The formula for uric acid is N4C 10 H40(,. 

il84. The .'substance called gtumo which is brought to South America 
and to Europe from some of the Sooth Sea istands, and used for manure, is 
chiefly urate of ammonia. The islands on which It is found are constantly 
inhabited by imniensQ numbers of aquatic birds ; and it is from their excre* 
ments the flubsi^nce accumulated. 

1185. ' Urinary C&ncretum8,-^ln consequence of the complicated nature 
of urine- (1179), and the diseased action to which the system is subject, 
depositions of solid ^matter from the urine often take place within the^ 
bladder, giving rise \o one of the worst class of evils' that afflict humanity. 

The most common Kinds of urinary concretions may be conveniently 
divided into the six following species : .. 

1. The uric acid calculus, which is a hard inodorous concretion, usually 
of an oval form, and brown color. It .is soluble in several of the acids, and 
in pure potassa. 

i. The bone earth calculus^ which cqnsistci. almost solely of phosphate of 
lime. Its structure is ujfually laminated; and when reduced, to powder, it 
is soluble in dilute nitric and muriatic acid. 

3. The amiQoniaco-magnesian phosphate, whi^h is generally of a white 
color, and when reduced to powder, is dissolved with great facility by the 
acetic and other acids.' 

4. The fusible calculus, which is considered a mixture of the two pre- 
ceding species, and is chiLracterized by the facility with which it melts into 
a globule It is one of the most common, and is sometimes very large. 

5. The mulberry calculus, so named from its resemblance to the fruit of 
the mulberry. It is composed of oxalate of lime, and is soluble in hydro- 
Chlotic acid when reduced to powder, but net- in the acetic, by which it is 
distinguished from some of the -preceding species. 

6. The cystic oxide calpulus, which is very rare, and is never accom- 
panied by any of the other concretions. It is dissolved by nearly aQ the 
acids and several alkaline solutions-, and even by lime-water. 

Several of these species oiften accompany each other, and form the eom^ 
pound cabsulns; and frequently the concretion consists of alternate layers 
constituting the altemating calcnlud. 

From the solubility of urinary concretions in chemical menstrua, hopes 
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wtfre once entertained that reapents tnigbt be introduce^ into the urine 
through the medium of the Uood, or be at once injected into the bladder so 
ma to daawlve nrinary calculi, and thu# supersede the necessity of a painfbl 
and dangerous operation. It has been ft)nnd, however, that for this purpoaei, 
it would be necessary to employ acid or alkaline solutions of greater strengrth 
tliau may safely be introduced into the bladder ; and it is therefore very 
doubtful whether anything effectoal will by this method ever be accom- 
plished. 

Oil €f Dipptl. — This is the name' given to 'a limpid volatile dil, which is 
» product of the destructive distilhition of animal Substances, e8pecia^y 
those which contain a large proportion of albumen and gelatine; WEen 
purified by distillation, it js clear and transparent ; and was formerly much 
used in medicine. 

1166. Amhergr%9, — ^This substance u found floating on the surface of 
the sea near tha coasts of India, Africa, and Brazil, and is supposed to be a 
concretion fiirmed in the stomach of the spermaceti whale. It iias com- 
monly been regarded as a resinous principle ; but its chief constituent is a 
iubstance very analogous to cholesteiine, and to which the name of 
rnnibrnm has been given. 

Ethal, adipoeire^ and hiremi are other animal substances of a similak- 
character. . 
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PART IV. 

ANALYTICAL CHEMISTRY. 



The object of Analjtical Chemistry js to determine Hhe nature, propdr- 
tions, and mode of combination of the elements of the various Qom pounds 
which occur in nature, or are produced bj art 

|t )8 «n exceedingly important branch of the science ; bat only a few 
pages Can be introduced into an elementary work like tiie present, merely 
to show sohiething. of its nature and design. Our remarks' may be con- 
Teniently divided' into four sections, which treat of the analysis of Uie 
mixed gases, of minerals, of mfineral waters, and of organic analysis. 

In general' it. is comparatively easy to determine the ingredients con- 
tained in a compound or its qualatiw analysis; but it is much more diffi. 
cult to .ascertain the proportions in which they are combined, or its quan' 
tativeapalysis. 



• : ' .SECTION L- , 

ANALYSIS OF MIXED QA0BS. 

^ Ahalyfiis of AiY or of €htseous ihixtures containing Oxygen. — Of the va» 
rioas processes by. which oxygen gas may be Y^itbdrawn from gaseous mix- 
tares,, and its quantity determined, none are so convenient and precise as 
the method by means* of hydrogen gas.' In performing this analysis, a 
portion of atmospheric air is carefully measured in a graduated tube, and 
mixed with a quantity of hydrogen gas which is rather more than sufficient 
for uniting with all the oxygen present The mixture is then introduced 
into a strong glass tube, and a spark is passed- through it by means of con- 
ducting wires fixed into the tube. The aperture is closed by the thumb at 
the moment of detonation, in order to prevent any of the mixture from 
escaping. The totid diminution in volume divided by three indicates the 
quantity of oxygen originally contained in the mixture. This operation 
may be performed in a trough- either of water or mercury. Instead of 
electrfcity, spongy platinum may be employed for causing the union of 
oxygen and hydrogen gases ; and while its indications are very precise, it 
has tJie advantage of producing the effect gradually and without detonation. 

To insure accuracy the hydrogen of course should be perfectly pure. 

Mode' of deUrmining the Quantity of Nitrogen in Gaseous Mixtures,-^ 
As atmospheric air, which has been deprived of moisture and carbonic 
acid, consists of oxygen and nitrogen^ only, the proportion of the latter is 
of course known aa soon as that of Ihe former is determined. The only 
method, indeed, by which chemists are enabled to estimate the quantity of . 
this gas, is- by withdrawing the other gaseous substances with which it ifl 
mixed. ■ ^^ - 

(431) 
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Mode of dtiermining the Quantity of Carbonic Acid in Oaoeouo Mixture, 
— ^When carbonic acid io the only acid gas which is present, as in analy- 
nhg atmoepberic air, in the oltimate analysis of organic compounds, and 
in most other analorons researches, the process for' determining its quantity 
IS exceedingly simfue ; for' it consists merely in absorbing that gas by lime- 
water or a solution of caustic potassa. This' is easily done in th& course 
of a few minntes in an ordinary graduated tube; or it may be efiected 
almost instantaneously by agitating the gaseous mixture with the alkaline 
•olotion in Hope*s eudiometer. This apparatus consists simply of a strong 
glass tube closed at one end and properly graduated and ground into the 
neck of a vial to contain -the alkaline solution. This vial should also have 
an additional neck and ground stopper. By inverting the instrument the 
gases may be made to pass through the ukaline sdotion, by which ^the 
carbonic acid will be absorbed; and by retnoving the stopper in the body of 
the eudiometer, under water, the water will rush in and its rise in the tube 
will show the amount of the absorption, and of course the proportion of 
carbonic acid gas contained in the mixture analyzed. By using a sub- 
stance capable of absorbing oxygen, as the hydrosulphate of potassa instead 
of the alkaline solution, it is evident this ^as might be separated from a 
mixture iii which it is contained in an uncombined state. 

Mode of anatyxing Mixtures of Hydrogen and other Inflammahle Gates, 
— ^When hydrogen is mixed with nitrogeoi oxygen or atmospheric air, its 
quantity is easily ascertained by causing it to conibine with oxygen either 
by means of platinum or the elebtric spark. If^ instead of hydrogen, any 
other combustible substance, such as carbonic oxide, light carburetted, hy- 
drogen* or olefiant gas, be mixed with nitrogen, the analysis is easily 
effected by adding a sufficient quantity of cftygen, and detonating the fix- 
ture by electricity. The diminution in volume indicates the quantity of 
hydrogen contained in the gas, and from the carbonic acid which may then 
be removed by an alkali, the quantity of carbon is inferred. • 

Other methods must of course be devised 16 analyze particular mixtures, 
but the above processes, or some slight modifications of them, may gene- 
rally be adopted. ^ ^ 



SECTION 11. 

ANALYSIS /of MINERALS. 

This department of analytical chemistry is very extensive-, and to give 
ah idea of the manner in which the analysis of minerals is efJQ^cted, a few 
selections will be made of the most Common minerals. The usual consti- 
tuents of thede arc silica, alumina, iron, manganese, lime, magnesia, potassa, 
soda and carbonic and sulphuric acids. To some of the compounds formed 
by these substances our attention will therefore' be directed. 

In attempting to separate two or more fixed principles from each other, 
the first object of the analytical chemist is to brin^.them into a state of so. 
lution. If they are soluble In water, this fluid is preferred to every other 
menstruum ; but if not, an acid or aily convenient solvent may be em- 
ployed. In many instances, however, the substance to be analyzed resists 
the action even of the acids, and in that case the following method la 
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adopted :— The compound is first cnuihed by means, of a bammer or steel 
mortar, and is afterwards reduced to .an irapalpiable powder in a mortar of 
agate: it is then intimately mixed with (ftiree, four, or more timev' its 
weight of potassat soda, baryta, or their carbonates ; and, lastbr, the mixture 
is exposed in -a crucible of silver or platinum to a strong neat During 
the operation^ the alkali combines with one or more of the oonstituents oi 
the mineral! and, consequently^ its elements being disonited, it no longer 
rosists the action of the acids. 

Awdyna of SSkrble^or Carbonate of ]Mne,-^'tbiB analysis b easily made 
by exposing a knowifquantity of marble for about half an boor to a fiiU 
white heat, by which niean^,the carbonic aeid gas is entirely expelled, so 
that by the loss in weight the.quai\tity of each ingredient, supposing the 
marble to have been pure, is at once ^determined. In order to asoertain 
that the whole loss is owing to the escape of carbonic. acid, the quantitv of 
,this gas inay be determined by a comparatuFe analysis.' Into aemall flask 
containing hydrochloric acid, diluted with two or three parts of water, a 
known quantity of marble is gradually added, the flask being inclined to 
one side. in order tp prevent the fluid from .being flung out af 'the vessel 
during the effervescence. The diminution in weight experieiioed bv the 
flask and its contents, indicates the quantity of carbonic acid which has 
been expelled. 

Should the^carbpnate suffer a greater loss iik the fire than when ^eoom* 
posed by an acid, it veill most probably be found to contain water. This 
may be ascertained by heating a piece of it. to redness in a glass tube, the 
sidep .o£ which will be bedewed with moisture!, if water is pre^nt Its 
quantity may be detertnined by caiuang the, watery vapor to pass through 
a weighed tube filled with fragments of thje chloride of oalcium, by which 
. the mdisture is absorbed. 

' Separatum of lAme and Magnfioiui,r^Th»mQte common kinds of isarbb- 
natcof lime fi^uently contain traces of siliceous and alaminous earths, in 
consequenee of which they are nqt completely dissolved in dilute hydro- 
chloric acid. A very frequent source of impurity is carbonate of magnesia, 
which is ofteri present in such quantity that it forms a peculiar compound 
called magneoian limeetone^ The an^ysis of this sjxbstance, sq far as 
req>ects carbonic acid, is the same as that of marble. The separation of 
the two earths may be conveniently effected in the foUoiving manner :— 
The solution of the mineral in muriatic acid is evaporated to perfect dry- 
ness in a flat dish or eapouU of porcelain, and after redissolving the residuum 
in a moderate quantity of distilled water, a solution, of oxalate of ammonia 
is added tts long as a precipitate ensues. , The oxalate of lime is then 
allowed to subside, collected on a filter, converted into quicklime by a white 
heat, and weighed ; or the oxalator may be deoomposed by a red heat, and 
after moistening the resulting carbonate with a strong solution of the car- 
bonate of ammonia, in order to supply any particles of quicklime with car- 
.bonic acid, it should be dried, heated to low redness, and regarded as pure 
carbqnate of lime. To the filtered liquid, containing the magnesia, a mix- 
ture of pure ammonia and phosphate of soda is addai, when the magnesia 
in the form of the ammoniaco-phosphate, is precipitated. Of this precipitate 
heated to redness, 100 parts correspond to 37 of pure magnesia. 

. To insure perfect accuracy, many precautions are to be attended to. 
Earthy Sulphatei, — The- most abundant- of the earthy sulphates la that 
of Ume, the analysis of which is easily effected* By boiling it for fifteen or 

«renly minutes with a solution of twice its weight of carbonate of soda, 
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doable decompobition ensaes ;- and the carbonate of lune, aAe^ being col- 
lected on a£lter and washed with hot water, is either heated.toiow redness 
to expel the water, and weighed, or at once reduced to quidrlime by a 
white beat Of the dry carbonate, 50 parts covrespond to S8 of lime. - The 
alkaline sohition is acidulated with hydrochlorie acid, and the sulphuric 
acid thrown down by chloride of barinm. From the sulphate of baryta, 
collected and dried at a red heat, the quantity of acid may eaiuly be esti- 
mated. ■ ' . • f 

The method oCanalyzingtbesolphatebf strontiaand baryta' is somewhat 
difierent As these salts are diMcuIt of decomposition in the nibist way, 
the following process is adopted t — The sulphate, in ^e, powder, .is mixed 
with three times its weight of cai^booate of soda, and the mixture is heated 
to redness in a platinum crueiUe Tor the space of an hour. 'The ignited 
mass is then' digested in hot water, and the insoluble earthjr earbonate 
collected on a filter. The other parts of the process are^ the same as the • 
ibregbing. , - 

Mode of Andlyxing Cotr^pounda of Silica, Alumina^ ani IrQU, — ^Minerals, 
thus constituted,' are decomposed by an alkaline carbohate at -it red heat, in 
the same manner as sulphate of baryta. The mixture is afterwards digested 
in dilute 'hydrochloric acid, by which' meane all the ingredients of the 
mineral, if the decomposition is complete, are^issolyed^ The solution is 
next evaporated to dryness, the heat being carefully re^uhted towards the 
close of the process, in order to prevent any of the cnloridie of iron, the 
vcdatiiity of which is considerable, -from being dissipated in vapor. By 
this.operation< the silica, though previously held- in solution by the acid, is 
^itirely deprived of its solubility ; so that on digesting the dry mass in 
Water- acidldlated with hydrochloric acid,, the alumina and iron are taken 
up, and the -silica is left in a state of. purity. The siliceous earth, after 
stkbsiding, is collected on a filter, carefully edulcorated, heated to redness, 
and weighed. " . > '. . - 

To the clear liquid, containing peroxide of lime and alumina,, a solution 
of pure potks^ i» added in moderale excess ;'i3o as not only to throw down 
those oxides, out to dissolve the aliftnhia. The peroxide of iton is then col- 
lected oh a filter, edulcorated carefuUy until the was.hing8 cease to have an 
alkaline ^reaction, and is well dried on a sand-bathJ Of this hydrated 
peroxide, 49 parts contain 40 of anhydrous peroxide of iron. But the most 
accurate mode of determining its quantfty is by expelling the water by a 
red heat. This operation, however, should be done with care ; since any 
adhering particles of paper, or other combustible matter, would bring the 
iron into the state of bl^ck okide, a change which is known to have 
occurred by the iron being irttracted by a magnet 

To procure the alumina, the liquid in which it is dissolved is boiled with 
hydrochlorate of ammonia, when chloride- of potassium is formed, the Vola- 
tile jalkali is dissipated in vapor, and the alumina subsides. As soon as- the 
solution is* thus rendered neutral, Ihe hydrous alumina is collected on. a 
filter, dried by exposure to a white heat, and quickly weighed after femoval 
from the fire. • . . ' ' ■ ' 

Separation of Iron and Manganese. — A compound of the^ metals or 
their oxides may be dissolved in hydrochloric acid; If the iron is in na 
large proportion compared with the manganese, the following process may 
be adopted with advantage : To the cold solution, considerably diluted with 
water, and acidulated with hydrochloric acid, carbonate of soda is gradually 
added, and- the liquid is briskly stirred with a glass rod during the efter 
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yescen^, in order' thbt i( may become highly -charged with carbonic , acid. 
. By neutralizing' the solution in this manner, it at length attains a point at 
which the peroxide of iron is entirely deposited, leaving the liquid colorfess; 
"while thc^ manganese,, by .the aid of the free carbonic acid, is'^ept in eolu- 
•tion. The iron, after .subsiding, is collected on a filter, and its quantity 
determined in the usual manner; The filtered liquid is then boiled with an 
ezoess of carbonate of soda; and the precipitated carbonate of manganese 
is collected, heated to full redness in an open crucible, by which it is con- 
verted into the red oxide, and weighed. This method is one of some 
delicacy ;. but in skilful hands. At a&rds a. very accurate result It' may 
also be employed in separating icon from- magnesia and* lime as well as 
from manganese. 

But if the proportion of iron is small compared with that of manganese, 
thjB best mode of separating it is by succinate of ammenia or soda, prepared 
by neutralizing a ^olutiop of. suocinic adid with eithelr of these alkalies. 
That this process, should succeed, it is necessary that the iron be* wholly in 
the^state of peroxide^ Jthat the sedation be exactly neutral^ which ijnay easily 
be insured by the cac^tious use of ammonia, and that the . reddish-brown 
colored^ suQcinate >of peroxide of iron be washed with cold water. Of this 
succinate, well dried at a temperature of 212°, 90 parte correspond to 40 
of the peroxide. From the filtered liquid the manganiese may be precipi- 
tated at a boiling tempersEture by carbonate of -soda, and ite quantity deter- 
mined in the Way above mentioned. The benfsoat^may be substituted far 
succinate of ammonia in the preceding process. " 

It may be stated a$ a, general rule, that whenever it is intended to pre- 
cipitate iron by means of th& alkalies, the succinates, or benzoates, it is 
essential that mis metel .be in the maximum of oxydettion^ It is easily 
brought into this eitete by digestion with^ little nitric acid. 

Separation of Manganese from Lime and Magnesia. — If the^quantity of 
the former be proportionally small, it, is precipitated a6 a sulphuret by hydros 
sulphate of ammonia or sulphuret of potessium. The sulphuret is then 
dissolved in hydrochloric acid, .and the manganese thrown dawn as usual 
by means of an alkali; J3ut if the manganese be the chief ingredient, the 
best method is to precipitaite it at once, together wi^th the two earths, by a 
fixed alkaline carbonate at a boiling temperature. The precipitate, after 
being exposed to a low red heat and weighed,, is put into cold Water acidu- 
lated with a drop or -two of nitric acid, when thelioie and magnesia will be 
slowly dissolved with eflerrescence. Should n- tracer of the manganese be 
likewise token up, it may easily be thrown^ down by hydrosulphate of 
ammonia. * " ~ . 

.. Stromeyer has recommended a very elegant and still better process for 
reDV)ving small quantities of manganese fi'om lime and magn^ia. The 
solution is ^acidulated with n jtrie or hydrochloric' acid, bicarbonate of soda 
is gradually added in very slight excess, stirring afler each addition, that 
the liquid may be charged with carbonic acid, and a solution of chlorine, or 
^ current of the gas, is . introduced. The protoxide of manganese i» con. 
verted by- the chlorine into, the insoluble hydpated peroxide, while any 
traces of lime ..or magnesia, which might otherwise fall, are retained in 
solution by means of carbonic Itcid. A solution of chloride of soda or lime 
is in fact our most delicate test for small quantities of manganese. 

M)de of -analyzing an Earthy Mineral containing SHiea, Iron, Alumina^ 
Manganese, Lime, and Magnesia. — The mineral, reduced to fine powder, 
iff ignited with three of four times its weight of carbonate of potessa or 
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•oda, the niM b taken up in dihito bydrooUorie acid, and the iUica aepa 
rated in the way alieadj deaoribed. To the aohition, thte freed from aiUea 
and duly aeidniated, earbonaie of aoda, or atill l^etter, the bicarbonate* in 
gradoally added, ao aa to diarge the liquid with earbonieveid, as in the 
analyaia of iron and manganeea. In tfaii manner the irtm and alddiina are 
alone predpi^ted, anbatanoea which may ha aepar^ed from each other by 
meanaof porepotaaaa. The manganeee. ame, and magneaia may then tie 
determined by the prooeaaea abo? e deaeribed. 

^nalyaja tfMhuraU emUdmnga Fuud ilttali—- When the object is to 
determine m qoantity of fixed alkaM, aoch aa potaaaa dr aoda, it is of 
courae neoeaaary to abiatain from the employmeDt of theae reagents in the 
analvsia itself; And the beginner will do. w^ to devote hia attention to the 
alkaune ingredieiita only. Oq thia anpppaition, he will firooeed in the fbl 
lowing manner : The mineral ia reduced to a very iino powdeir, miied inti 
roately with aix timea^ its weight of artificial carbonate of baryta, and 
exposed ibr an boor to a white heat The ignited mass 4ia dissdved in 
dilute bydrochlorie acid, and the aolntion evaporated to perfect drynesa. 
The aolnbie parte are taken np in hot water ; an ^xoesi of carbonate of 
ammonia ia added ; and the inaoluUe matters, consirtingiDf sihca, carbon, 
ate of baryta, and all the conatitoeotB of the mineral, excepting the fixed 
alkali, are poUerted on a AUier. The 'dear aolotion ia -evaporated to dry. 
.neaa in a porcelain capaule, and the dry maas is heated to redness in a cm- 
ciUe of platinum, in order to expel the salta of ammonia. This reaidue is 
tehloride of potaasium or iiodium. 

In thia analyaia, it generally happena that traoep of manganeae, and 
aohietimea of iron, escape precipitation in the first part of the process ; and, 
in tfaat.case,.tbey ahould be thrown down by bydrosulpbate of ammonia. 
If neither lime nor magnesia ia preaent, the alumina, iron, and. manganese 
may be aeparated by-pure ammonia, and the baryta aubsequently removed 
by the canDonate of that alkalL ^ this method the carbonate of baryta is 
recovered in a pore state, and may be reserved for* another analysis. Tb'e 
baryta may alao be thrown down as a siil(rfiate by sulphuric, acid; in which 
caae the aoda or potaasa ia procured. in combination with that acid ; but thia 
mode ia objectionable, because the sulphate of baiyta is very apt to retain 
email quantitiea of sulphate of potana. 

The analysis is attended wi^ considerable inconvenience when magnesia 
happena to be present; be<^use this earth is not completely precipitated 
dther by ammonia orita' carbonate, and, therefore, aome of it remains with 
the fixed alkali. . The beat mode with which, it is believed, is to precipi* 
tate the magnesia by phosphate of ammonia ; subsequently separating from 
the filtered solution the excess of phosphoric acid by acetate of le^ and 
that of lead by hydrosulphuric acid. . The acetate of the alkali is then 
brought to dryness, ignited, and by the additibn of sulphate of ammonia 
converted into a sulphate. 

The tests commonly employed in ascertaining the acidity ^ alkalinity 
of liquids are litmus and turmeric paper. The fwmer ia maoe by digesting 
litmus, reduced to a fine powder, in a smaB quantity of water^ and painting 
with.it white paper which is free firom alum. Tunneric paper is made in 
a similar manner ; bat the moat convenient teat of aikalini£^ ia fitlnns paper 
reddened by a. dilute acid. . 
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• SECTION III. ' . ' 

anal'ybis of mineral waters. 

Rain water collected in clean vessels in the country, or freshly fallen 
snow when melted, affords the purest kind of water which can be procured 
without having^ recourse to distillatioti. The water obtained from these 
flonrces, howeyer^ is not absolutely pure, but contains a portion of carbonic 
acid and air^ absorbed- frofai the atmosphere. It is remarkable- that this air 
is yety xrch in -oxygen. That (frocnrMJ irom snow water by boiling was 
found by Gay-Lusdac and Humb(4dt to~ contain 34.8, and that from rain 
water ^-per cent of oxygen gas* From the powerfully solvent (Properties 
of water, this fItiid>no sooper reaches the grfMimi-and pferoolates through the 
soil, than it dissolves s^me of the «nbatanoes which it meets with in its 
passage. Under common circumstances it takes up so small a quantity of 
foreign mdjtter, that its sensible properties are not materially affected : and 
in this, state it gives rise to spring, tosU, and river water. SometimeSvOn 
the contrary, it becomes so strongly- impregnated with saline and ether 
substances, that it acquires a peculiar flavor, and is thus rendered unfit for 
domestic uses. It is then known by the name of mineral water. 

The composition of sprincp water is dependent on the nature of the soil 
through which it flbws. -■ If it lias filtered through primitive fetrata, such as 
quartz roek, ghinite, and the like, it is in general ym pure ; but if it meets 
with limestone or gypsum in its passage, a portion of these salts is<lissolved, 
and communicates the property called haraneee, .Hard water is obaracter^ 
ized by decomposing soap, the lime of the former yielding an insoluble 
compound with the margaric and oleic acids of the latter. If this defect is 
owing t^ the presence of carlranate of lime, it is edsily remedied by boiling, 
when free carbonic acid is eipeiled, and the insoluble. carbonate of lime 
subsides. If sulphate of lime is present, the a4^itibn of a littl& carbonate 
of soda, by precipitating the lime, converts ike hard into soft water. Besides 
these ingredient^ the chl<H:ides of calcium jmd sodium are frequently con* 
taincd in spring water. ^ 

Spring water, in Consequence of ^ its saline impr^nation, is frequently 
unfit for chemical.. purlxMMs and on these occasions distilled water is 
employed, distillation may be performed on a small scale by means of a 
retort, in the body of which water is • made to boil, while the condensed 
vapor is received in a glass ~ flask, called a rMcipient^ which is adapted to its 
beak or open extremity. This process is more conveniently conducted^ 
however, by means of a still. . > ^ - / 

The different kinds of minwal water may be conveniently arranged for 
the purpose of. description. in the six divisions of aeiduloua^alkaUnef ehaly' 
beate^ aulphurettedt saline and sUicenis BptingB, 

1. Acidulous springs commonly owe their acidity to the presence of free 
carbonic acid, in consequence of the. escape of which they sparkle when 
poured from one vessel into, another. . Such carbonated waters communi* 
cate a red tint to' litmus. paper before, but not after being boiled, and the 
redness ^lisappears on exposurie to the air. Mixed with ^ sufficient quantity 
of Iime«water, they become turbid from the depositi(» qf carbonate of Hme. 
They frequexrtly contain the carbonates of lime, magnesia, and protoxide 
of iron, in consequence of the facility with which these salts are disnolved 
by water chafged with carbonic acid. 
37* 
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The belt mode of determining ihe qaantiCy of carbonic acid ia bj h«iC- 
ing a portion of the water in a flaakt ^nd leceiTing the carbbnic acid, by 
meana of a bent tube, in a graduated jar filled with mercury. 

3. Alkaline watert are auoh as contain » free or carbonated all^ali, and, 
conaeqaently, either in their natural state or when concentrated by errapora- 
tion, posaeae an alkaline reaoticn. 

lliMe springs are rare. 

B, CkalfbmU wtUn are charaoleriaed by a strong styptic, fnkjr taste 
and by stnliing a black eolor with the infusion of gaU-nuts. The iron is 
sometimes combined with hydrodilorie or ' sulphuric acid ; but most fre- 
quently it is ui th^ form of protocarbonateiheld in solutioo by firee carbonic 
acid. On exposure to the air^ the protexide is oaydiaed, alid the hydrated 
penuride subsides, causing the oebnons deposite so common^ observed in 
the vicinity of chalybeale Bprin|[s; 

To ascertain* the quantity of iron contained in a mineral water, a known 
weight of it is ooneentratea b^ evappration; and the icon is ]i>ronght to a state 
of peroxide by means of nitric acid. The peroxide is then precipitated by 
an alkali uid weighed; and if lime and magnesia ars'present, it may be 
■eparatedffonr those earths by the process-described in the last section. 

Chalybeate waters are^ not unoommon. 

i. SidfhinlUd waUn contain hydrosuJphuric asid, (498) and are easily 
reoogiDiied by their odor, and Jby causing a brown predpitaie with a salt of 
lead or silver. The gas is readily ex^iUed by boiling, and its quantity 
may be inferred by transfnitting.it throu|rh a solutionof acetate of oxide of 
lead, and weighing the sulnhuret which n generated. This is easily done 
by introducing a little or the water to be ''examined into a glass flask. 
Fig. 93. figure 93, having a bent -tube inserted idf its mouth 

f ^ ^ throi^h a perforated cork. Jf now the open end of the 
|] tube is plunged into a solution of acetate -of lead, and 
IL the water made to boil, the hvdrosulphnric acid, as' it 
ji4 pSMQf over, will be entirely absorbed 1^ the lead. 
^B 5. Those miiieral springs are called es/tiis, the cha- 
ML meter of which is caused by saline compounds. The 
salts which are most frequently contained in these 
waters are the sulphates and carbonates of lime, mag- 
nesia,.and soda, uid the ch|prides of calcium, magne- 
sium, and sodium. Fotasaa sometimes exists in them, 
and Beraelius has found lithia in the'Bprin|r of Carlsbad. It has lately been 
discovered that the presence of hydriodic acid in small quantity is not 
urifrequent. 

The first object in examining a saline spring iM to determine the nature 
of its ingredients. Hydrochloric acid is detectied by nitrate of o^e of 
silver, and sulphuric ackl by chloride of barium ; and if an alkaline earbo- 
nate be present, the precipitate oonsioned by either of these tests will con- 
tain a carbooate of oxide of silver or baryta. The preseiice of lime and 
magnesia may be disoovered, the former by oxaUte of amraodia, and the 
latter by phosphate of ammonia. Potassa is known by the action of -chlo- 
ride of platinum. To detect soda, the water should be evaporated to dry- 
ness, the deliquescent salts removed by alcohol, and the matter insoluble in 
that menstruum taken up by a small quantity of water, and- allowed to 
crystaliie by spontaneous > evaporation. . The salt of soda maff tbeti be 
recc^nised by the rich vellow color which it communicates to flame. If 
the presence of.hydriodic acid be suspected, the solution is brought to 
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drynen, the aoloMe {tarto dissolTed in two or th^ drachmi of a eold sola* 
tioa of ■tarch, and Arong sulphuric acid gradually added (5G1). 

HaTing thus ascertained the nature of the saline ingredients, their quan- 
tity may be detcnnined by evaporiAing a pint of water to dryness, heating 
to low redness, and weighing the residye. In order to mak^ an exact 
analysis, a given quantity of the mineral water is concentrated in an 
evaporating .basin as far as can be done without causing either precipitation 
or crystalization, and the residual liquid is' divided into two ^ual pitrts. 
l^rom one portion the sulphuric' and -carbonic acids are thrown down by 
nitrate of baryta^ and al^r .collecting tlie precipitate on i. filter, the hydro- 
chloric acid is precipitated bygpiitrate of oxide.of silver. The mixed sulphate 
^nd carbonate is ezpoeed to a low red heat, and weighed ; and the latter is 
then dis^Ved by dUute ^drochlcurie acid, and its quantity determined by ' 
weighing the sulphate. The chloride qf silvei^ of which 143.42 parts cor- 
respond to 36.42 of hydrochloric licid, is fused in a ^tinufn spoon or 
crucible, in order to render it qtute free fhm moistare* To the other half 
of the ooncentraJted mineral water, ozahUe of ammonia is added for the pur- 
pose of precipitating the lime i and the mamesia is afterwards thrown down 
as the ammoniaoo phosphate, by meatis of ammonia aod phosphoric acid. 
Having thus determined the wefjgrht of each of the fixed ingredients except- 
ing the soda, the lossof ooarse gives tne quantity of that alkali ; or \t may 
be procured in a 'separate state by the process described i^ the '^regping 
section. . ' . ^ 

The individual constituents of the waier being known, it remains to de- 
termine the state in whicn they were originally combined. In a mineral 
water .containing sulphuric' and hydfochloric acids, lime, and soda, it is 
obvious that three cases are possible. The liquid may contain tulphate of 
lime and cUorMe of sodium, or chloride of calcium and sulphate of soda ; 
or each acid may be distributed between both the bases. In many com- 
plicated cases it is difficult to tell in what manner the several acids and 
bases contained in the water are united. 

Searwaier may be r^farded as one of the saline mineral waters. Its 
taste is disagreeably bitter and saline, and its fixed comstitoents amount to 
about three per cent Its specific gravity varies from 1.0269 to 1.0285 ; 
and it freezes at about 28.5°. According to the analysiii of Murray, 
10,000 parts of water from the Frith o^" Forth, contain 220.01 parte of com- 
mon salt, 33.16 of sulphate of soda, ^.08 of hydroeblorate of magnesia,, and 
7.84 of hydroeblorate of lime.. WoUaston detected potassa in sea-water, which 
likewise contains small quantities of hydriodic and hydrobromic acids. 

The water of the Dead S^a has a far stronger saline impregnation than 
sea-water, containing one-fi)arth of ito weight of solid matter. -It has a 
peculiarly bitter, saline, and pungent -taste, and ite specific gravity is 1^211. 
According to the analysis of Marbet, 100 parts of it are composed of hydro- 
chlorate of magnesia 10.246, 'hydroeblorate of soda 10.36, hydroeblorate 
of lime 3J2, and sulphate of lime 0.054. In the river Jordan, which flows 
into the Dead Sea, Marcet discovered the same principles as in the lake itself. 

6. Silieeout waUr$' are very rare, and- in those hitherto discovered, 
the silica appears to have been dissolved by means of soda. The most 
reitaarkable of these are the boiling springs of the Geyser and Ryknm, in 
Iceland. 
. It is^remarkable that nitrogen gaa very generally occurs in hot springs, 
ts probable sonrse is dearly referrible to atmospheric air contained in 
water, which air ha» been deprived of ito oxygen by chemical ehonfos in 
the interior of the ei^h. 
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t . ■ 

SECTrON IV. 

ORGANIC AlTAlkYSI^. 

Thk exacV analysis of organic bodies is oneofthemiMtdeUcateoperationa 
in which the anabtical chemist is required to engage*. \ 

The chief constituents of prganic matter being carbon, hydrogen, oirygen, 
and nitrogen, (896), our remarks on this subject will be limited to a gene> 
rul descriptdon of the methods adopted for the separation and determination 
of these Bobstances, The general principle, upon which the process is con- 
ducted, ^coiisists in supplying oxygign so abundantly to the organic sub- 
stance, that all its carlxm shiul ^ jcopverted into carbonic acid, and all its 
hydrogen into water ; and so regulating the supply, of oxygen that the 
decomposition shall be progressive, attd admit of tlie products being collected 
with accuracy. The nitrqgen is always determined by an independent 
operation, in which the other elements are neglected \ and when the com- 
pound contains oxygen, its quantity is usually determihe4 by substraeting 
the weight of all the other constituents from that of the substance employed 
For the analysis of organic. substances, there are, therefore, twq processes; 
the first to determine.the quantity of carbon and hydrogen, and the second 
to determine the amount, of nitrpgep.'^ . . . . * 

The substance, generally used to supply the oxygen is the black oxide of . 
copper, which is prepared by gently igniting th6 nitrate. , Sometimes chr« 
mate of lead is- employ ed. /' ^ ■ 

. . Fig. 94. . 




A proper recipient for the materials \a made by drawing out a little, and 
bending^as in figure 94, a straight tube of green or other hard glass, about 
16 inches long, and f or.^ an inch in diameter.- The extreme point of the 
tube being closed, a little finely powdered oxide of copper is introduced, «o 
as to occupy about % inches of the tube, lind then etiough of the substance 
to be analyzed, intimately mixed witt\ oxide of copper, to fill about 6 inches 
more ; and last of all should be several in'db^ of the pure oxide of copper, 
care being taken that every particle -of the organic substance weighed is 
mixed with the oxide. The dotted lines show the several divisions, the 
space to the left of the last being vacant, which should not exceed two or 
three inches. Means now must be taken to remove all moisture that may 
have found its way within ; and during the whole operation, great care 
must be taken to prevent the accession of moisture, which is readily absorbed 
by oxide of copper, and would of course .give a fallacious result The par- 
ticular means by* which this object i^ accomplished, it is not necessary here 
to describe fi^ther. Next two tubes are. to be provided, one to contain dry 
chloride of calcium to absorb the water which islfocmed, and the other, 
which is usually made of a peeultar Construction, to contain a aolution of 
caustic potassa, for absorbing the carbonic acid. - The tube containing the 
chloride of calcium is first attached to the combustion tube, and to this is 
connected'the potassa tube, so that the carbonic acid before being absorbed 
by the potassa, is thoroughly deprived of its flioisture by passing over the 
chloride of calcium. ■ , • - ■ 

Halving all things in readiness, pieces of ignited 4:harcoal are to be 
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applied to the part of the tabe oontaininff the pure oxide of copper last 
introdaoed» imd the heat is gradually ta Be extended towards the other 
extremity until the whole is at a red heat As a littl6 carbonic acid and 
watery vapor will still remain in the tube, the extreme point of the ieiCled 
end is now broken ofl^ and & current . df air is gently sucked in Ar means 
of a tube attached to the ^er extremiity of the apparatus ; andthey are 
thus brought in contact with the substances placed to al^soib them^ The. 
apparatus is then taken asunder, anc| the pbtassa and the Chloride of cal- 
cium, still remaining in the tubes, carefully weighed^; the incMaae of course 
gives the weight of uie carbonic acid and the water foiteed during the opera- 
tion. , From Uiese data very simfde caksolatiohs will show the quantities of 
carbon and hydrogen inithe-BubetanXse operated upon.; 

In some cases, in addition to the above, a current of pure oxygen is 
passed over the* materials at the. dose of the operation, to insure- the com- 
bustion of all the carbon. 

If the substance to be- analyzed is liquid Imd vplatile, it is introduced 
into the tube in small glwMi bulbs, and the heat applied so tfs to. volatilize it 
only after the oxide of copper is fully heated or a portion of it Many 
precautions are necessary in the-anuysia Im^ of volaiUe and solid sub- 
stances, which cannot be here detailed* 

To determine the quantity of nitrogen in an organic substi^ce, a com- 
bustion tube, some 3 or 3} feet long, and perfectly straight throughout, is 
employed! In this tube next the dosed end is placed carbonate of copper, 
then pure oxide of copper^ then oxide of copper mixed with the substance to 
be analysed, then pure oxide again, and last pf all somo^^ dean metallic 
copper, in a finely divided stale. The api>aratqs being then connected 
with the pneumatic trough, ignited charcoal is applied to tiie dosed end 
of the tube containing the carbonate of copper, and the carbonic acid 
evolved expels all the utmoepheric air frpm the apparatus. This of course 
is necessary in order that the 'result may be accurate, the air itsdf con- 
taiining nitrogep. 

The fire u. now to be withdrawn from the closed end of the tube, and 
applied to the part eontaininp^ the metallic copper; and when this is red- 
hot,, the combustion is earned backward, just «s in the fi>rmer case» till 
all parts of the tube are successively heated. Last of all the hea.t is again 
applied to the part occupied by the carbonate, a portion of which is sup- 
posed to remain undecomposed ; and the carbonic acid liberated, expels all 
the nitrogen from the apparatus. The mixed gases thus produced are 
collected m a bell-glass receiver, and agitated with a strong sdntion of 
caustic potassa, by which the carbonic acid is absorbed and the nitrogen 
left in a state of purity, except that a little watery vapor will be present, for 
which the necessary correction can readily be applied after measuring ; or 
it may be removed before measuring by diloride of calcium. 

The use of the metallic copper in front of the mittnre is to decompose 
any nitric oxide which may be formed during the combustion in the tube 
and which would falsify the result if it were not decomposed. 
. When the organic substance .to.be analyzed contains chlorine, sulphur 
arsenic, &.C., it must first be destroyed bj^ nitric add, or by ignition 
with potassa or' lime, and the organic constituents then determined in 
the ordinary way. In organic salts, the metallic basis Is determined by 
Igniting the substance, burning away the organic element, and tletermining 
the quantity of inorganic base, by whatever method is best suited to its 
individual nature. 
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TABLES OF WEIGHTS AND MEASU«ES. 

% 

WSZOST8. 

English hnp^rial Standard Troy Weight. 

24 Graiiui . . = 1 Pennyweight 

20 Pennyweighte ^ 1 Oance := 480 GTrahis. 

12 Ounces =1 Pound ±= 5760 Gfains^ 

Avoirdupois Weight. ■- 

1 Drachtn == 27^4 Grains (Troy). . 
16 Drachms = 1 Ounce = 437.5 Grains. 
' ^16 Ounces =; 1 Pound rs 7000 Grains. 
28 Pounds == 1 Quarter. 

4 Quarters = \ Cwt or 112 lbs.'. 
20Cwt r=-lTon. . ^ 

Apothecaries^ Weight. 

20 Grains = 1 Scruple 3. , 

3 Scruples = 1 Drachm 3. 

8 Drachms :;= \ Ounce 3. 
12 Ounces = 1 Pound = 5^60 Grains, (Troy.) 

French Decimal Weights. 

Gramme = 15,4063 Troy Grains. 

Decigramme = 1.5406 .do. 

Centigramme = 0.1540 da 

^Milligramme = 0.0154 '^ do. 

Wine or Apothecaries^ Measure. 

60 Drops 7= \ Drachm 3. 

8 Drachms =: 1 Ounce 3. ' 
16 Ounces — 1 Pint ♦ 

8 Pints :z:^ 1 Gallon ^ 231 Cubic Inches. 

Tlie English Imperial Gallon contains ten pounds Avoirdupois weight 
of distilled water, or 277.458 Cubic Inches. 

French Decimal Measure. 

Litre = 61.02525 Cubiclnches. 

Decilitre = ai0252 , do. , 

Centilitre = 0.61025 "do. 

Millilitre = a06l02 do. . 

The French Litre is a little more than the English Quart Wine Measure 



r 



INDEX. 



Absi^thlin Page 395 

Acetates -364 

Acetic ether .1 ... . 393 

Acetale. ..', * . . 357 

Acids, definition of 320 

sulphur .... 321,350 

vegetable . . . ^ 359' 

Acid, acetic 362 

aldehydic. .' 371 

antimoniOttS 290 

antimonic. 290 

arsenic I ...'«...... . 285 

afsenious . . ; . ^ 279 

aspartie. ........... 393 

auric ...«'. 314 

benzilic............ 371 

benzoic. ..'...... r. . 365 

bolelic..... .......371 

boraoic \ . . . . 19p 

caffeic 394 

cainic ...... w .... . 371 

camphoric. ....•....• 365 

carbazotic .r « 371 

carbomc • . 173 

chloric 206 

chlorocarbonic. ..... 362 

chlorous 205 

chromic '. 3S7 

'■ cinnamic. ^ 366 

. citric. ,. 367 

CQ^oic 371 

coltimbic 289 

^ cremario ^ . . . . . 371 

croconic 371 

cyanic i^. -....'. 376 

cyanuric ...... ^ . .« 377 

- esculic . 371 

. fluoboric .220 

' flaosilicic. ...... 219, 22ll 

formic. 371 

. fulminic 375 



Acid, fumasie. • 371 

gallic....... ...369 

humic 370 

hydriodio 215 

hydrocyanic 377 

hydrochloric^ ........ 207 

hydrofluoric :..,.... 218 

hydrosulphuric. ..... 187 

hypochlorous.'. . .'.> ... 205 

hyponitroujs 164 

hypophosphorous . . . . 192 
hyposulphuric ....;. 184 
hyposulphurous 182 

• igasuric. «^ 371 

iodic 214 

itaconitic ...'.... '. ... 371 

komelie ........<.... 371 

lactic.............. 371 

lactiicic 371 

malic. 367 

manganic 259 

' margaric :....•. 371 

meconic 369 

melaic ..,.....*.:. 371 

• melanic 371 

• meUitic........... 371 

nietaphosphoric ...... 193 

morie. .-. 371 

mucic , ,'. ... 371 

muriatic 207 

nitric .- 165 

nitrous 165 

nitrohydrochloric. . .. 209 

oleic .. * ,. .. 371 

oxalic...... ........ 360 

palmitic . . .* 371 

pectic 371 

perchloric . . . . ^ ^06 

# pejdodic .^ . . 2H 

permangaiuc ..... r. 259 

prussic ............. 377 

phoephsitic 193 

(443) 



444 



INDEX 



AiCid, phosphoric r 193 

phoephorouB.^ 192 

pyroiigneoas^ 363 

pyrophosphoric . « i . . • 194 

TBcemic . .^ .'. 37). 

rhodizonic • . . . • 371 

roeellic . . , . 1 371 

■ericiQ 371 

iriUcic 198 

stannic i. 374 

stearic 370- 

succinic * 365 

sulpho-carbooic 189 

siilpho-Vinic, or althio- 

nic. • • 390 

sulphuric ^, . 184 

sulphurous 183 

tannic ...369 

tartaric 368 

titanic ......293 

tartralic ' 368 

, ulmio 370 

uric - 499 

valerianic. ,>.••••.. 371 
Tanadic. •.» ^ ..•».... 287 

jcanthic ^ ... 371 

. zmnic. ', 371 

Adipocire ; • . . 430 

Affinity 118 

single electlTe, . .... 119. 

d<yuble elective. ..... 121 

qmescent, &c, . . .... 121 

Air, atmospheric ........... 158 

fixed 173 

Alabaster '^ 330 

Alcarrazos .».. 49 

Aldehjie... 357 

Alembroth, salt of 350 

Albumen «. ^ .... r ... 410 

vegetable .394, 410 

Alcoates. 385 

Alcohol 384 

of sidphur , 189 

Algaroth, powder of 290 

Alkali, definition of .... 320 

volatile.... A 168 

Alkalies, vegetable.. . ^ 372 

Alkalimeter ............... 345 i 

Allanite 292 i 



Alloys ..225 

of lead...... ....... 299 

of copper .K. 294 

of gold 313 

Alufn..... 332 

Alumina. 253 

Alumikum . . . i '252 

Amalgams ..299, 303 

Amber. • ^. 399 

Ambergris .*. 430 

Ambreine ; 430 

Amide ;;.. 357 

Ammelide ...... ^ 357 

Ammelin^.. « : 357 

Ammonia 168 

Amygdalin............ ... 393 

AHALYTICAL OHEMIfiTBY» ... 431 

Analysis, proximate 359 

. . ultimate ............ 359 

of minerals'. ........ 433 

of gases... .......431 

of mineral waters .... 439 

of organic bodies. , . . 440 

Anatase . .^ , 293 

Anchor ice , 33 

Anhydrite \,,.,.,,, : 330 

Anthracite ^ 402 

Arimal Chemistry 409 

heat 421 

Amtimony. ;....'..... 289 

n»gulus of . .... ^ ... . 289 

Apatite n^. 341 

Apparatus,. D.onovan^s 236 

Aquafortis. 165 

re^a a. . . . 209 

Ari>or Dians 310 

Satumi 301 

Arehil. 404 

Areometer.. 114 

Argentum vivum 303 

Arrowroot .......... . .« . . 381 

Ardeniates ; • . . 341 

AltsENic * 278 

Arsenites. 341 

Arterialization ..w . . . . 419 

Asparagine 393 

Asparagus 393 

Asphaltum 401 

Astatic needle ...; ....... . 101 



INUEX. 



445 



•Atmosphere 158 

Atomic theory . . . « 133 - 

weights, table of ... . 136 
Attraction, chemical ........ 118 

electrical • 70 

Auium musiyani ..*:..-... . 275 
Azote ..•••• 15)&^ 

B 

Baldwin's phosphorus. ..... 68 

Balloons i . -; . : 154 

Balsams. ... r ....i. 39^ 

Barilla ...346 

Barium. . ; 243 

Baryta.......*......, 243 

Bassorin 393 

Bell-metal 295 

Benzoin .^ ... • 366 

Benzule 357 

BUe ......424 

Bismuth .,.'. . .. 292 

Bitter spar... .i.... 349 

Bituminous suhstances. . . . « 400. 

Black ash .... .^ .346 

Black dyes » 404 

Black flux 226 

Black lead.. . . ....... 172 

Bleaching salt 338 

Blood....: 415- 

Blowpipe, oxy-hydrogen. . .« 153 

Blue dyes .,..••••. 404 

saxon ^ . ., 404 

. Prussian. ...'....... 379 

Boiling point. . . < 44 

Boracite 343.^ 

Bones 412 

Borates . ^ , . 343. 

Borax.; 343. 

Boron . . . » 196 

Brass • 295 

Brazil wood« ; 404 

Bromine < . • • 216 

Bronze 294 

Brucia 373 

Brunswick.gTeen .......... 352 

- ■ c ^ ■ ■■•■ 

Cadmeia . . ^ 271 

Cadmium •...'.... 271 
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Caffein.. 394 

Caking coal. . , 402 

Calcium ».'«... 247 

C^culi urinary. .^ ....... . 429 

Calomel. 304 

Calorific rays...... ••..... 64 

Calorimotor ^ ... 88 

Caloric... * 15 

of fluidity., ^ 41 

ahsorption of 25 

capacity for 55 

combined 42 

conduction of 17 

conductors of 15 

. ^ convection of i ...... 20 

distribution of 15 

effects of 29 

radiation of 21 

lefleotion of ........ . 24 

sources of . . . , 57 

transmission of. ..*... 26 

specific .'. 53 

Camphene ..,.....' ^ , 398 

Camphor , . ^. . . . 398 

Camphor, artificial 398 

Cannel coal 402 

Canton's phosphorus. ..<... 68 

Caoutchouc 399 

Capnomar » . . 401 

Cacpsicin 394 

Caramel 383 

Carbon 170 

Carbonates ,"...... 344 

Cai^onic acid, solidification 

of 51 

Carbonic oxide ........... 173 

Carmine. ....,.,.»...,... 404 

Cassius^ purple of. 315 

Cassava. , . . . 381 

Castor oil.- 397 

Cathartin. . . : 394 

Catalysis J25 

Celestine 330 

Cement '. 248 

Cerasile . , . . r. t 301 

Cerine.'. ................. 400 

Cerium 298 

Ceruse . . ..^ 348 

Chalk.* 348 
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Chameleon mineral \ . . 259^ 

Charooal 171 

animal « 171 

Ohemioal symbols. . • 134 

eqniyalents .ISO 

. nomenclature ^ 115 

proportions 127 

rays (of li^ht) . . . . . . 65 

Chemistry^ definition of. ... 10 

analytical .' 431 

animal ............. 409 

vegetable .......... 359 

Chlorates j..... 337 

Chloric ether. . .; 393 

Chlorine ether 393 

Chlorine .......... ^ 301. 

«Chlorophane < . 68 

Chlorophyle. ....,....,,. .405 
Chokeiiamp. . . . . i . ; . ,^. . .• 176 
Cholesterine.. ..,..:..:... 424 

Chromdtes "*..,../.... 342 

Chromate of iron. ......... 342 

Chromium .... .:. . . t , .,.,* 286 

Chroin6 yellow 343 

Chyle 424 

Chyme > 423 

Cinchonia. .'. ^73 

Cinnabar 302, 3(f7 

Coagulum. 416 

Coal, bitmninous . « 401 

stone i 401 

cherry..... 402 

splint.. 402 

bovey .• i . .402 

Cobalt 275 

Cochineal ........,.;..... 404 

Colcothar 364 

Coke 171,402 

Coloring matters .403 

C olumbin 396 

CoLUMBIUM. 288 

Combination, laws of.% . .'. . 1^7 
Combustion.. .;....... ^ .. . 149 

Compound blowpipe. ...... 153 

Compound radicals 356 

Condensation 47 

Constitutional water '^, 324 

Copal ...399 

Copper 293 



Copperas ..<;-.... 341 

Copper pyrites. 297, 361 

Corrosive sublimate 304 

Corundum ; 253 

Oouronne^es tasseil, ...<.. 86 
Corydalia ...... ......*-».. 375 

Cream of tartar 368 

■ Creosote. • • ; . . . . 401 

Crocus e€ antimony. ......-• 290 

Croton oil. « 397 

Cryophorus 48 

Crystalography 137 

Cutcuma. ; ............. .. 434 

Cyanogen.; 180, 376 

Cynopia.. ' 375 

D 

, Daguexreotype. . . , t . » 66 

Decomposition of light 63 

Decjepit^tion . . . ^ 3$i4 

Deflagrator. 88* 

Deliquescence 323 

De la Rive's ring.. 103 

Delphia .., 376 

Destructive distillation 359 

Dew, formation of. . ; . . . ..;.. 28 

jpoint. -29 

Dextrine. .....* 383 

Diabetes , 383 

Diastase, 383, 406 

Diathermanousness, 27 

Diachylon > 300 

Diamond 171 

Differential therm 35 

Dim'orohism >.«... 145 

Dippers oil 430 

Dipping needle 97 

Distillation 46 

Di8|)ersion of light 64 

Dolible refraction 62 

Double salts. . . .* 326 

Dolomite 348 

Dracin '.....«., 376 

Dufay's theory .-. 73 

Dutch gold. ...../.;...;.. 295 

Dyes.....' 404 
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fiarths, alkaline 256 

Ebullition ; 44. 

Efflorescence 3^3 

Effgs 426 

Erectricity -. 70 

conductors, &;c.^of . . . 71 

induction of 79 

theories of ..../.... . 73 

Electrodes 87, 93 

Electrolyze 94 

Electrotype 84 

Electro-positiye, &c 94 

Electro-magnetic engine .. 1 . 104 

Electro-magnetiBm 97 

Elements, table of 136 

Elemi ..399 

Empyreal air. ,..;......... 145 

Epsom salt. .;...< "331 

Erythronium 287 

Essential oils..; .' 39T 

Essence of tnipentine 3^7 

Ethal. 430 

Ethers '. ir. . .\ 389 

Ethiops mineral.^. 337 

Ethiops per se 302 

Ethule ............367 

Euchlorihe 205 

Eudiometer. 160 

Eupione 401 

Eyaporatlon. . ... ......... 47 

Expansion of bodies ....... 3P 



Fat of animals. ,, 414 

Fermentation, acetic. ...... 388 

panary s '388 

putre&ctjve.. 389 

saccharine 386 

vinous i. . 387 

Ferrqcyanides 378 

sesquicyanides « 379 

Fibrin 409 

Firedamp 177' 

Fire syringe. ...,'. 56 

Fixed air 173 

Flint 198 

Flowers of sulphur 182 

Fluorine .-. . . 218 

Fluor spar 218 



Flux ....i 226 

Fly powder ; ... 279 

Fulminates 376 

Fuming liquor. 275 

Fusible metal 299 



G 

Gradolinite 

Galena 

Gall-nuts .. ^ ..... . 

Galvanism 

effects of... 

'^ theories of . . 

Galvanic battery. . . 

circles , 

Galvanometer ..... 

^Gastric juice , 

Gelatin .:. 

Gentianin...,,..., 
German silver. .... 
Germination . . i^ . . . 
Glass • 

of antimony. 

of borax .... 

soluble ..... 

Glauberite 

Glauber's ^alt 

Glucina 

GLUCINt7M ..;... 

Glucose 

iJlue 

Gluten 

Gold.... 

Gong, Indian* 

Graphite 172, 

Green, Scheele's 

Gum 

Arabic 

Benzoin 

Senegal 

* tra?aeanth 

resms 

Gllnpowder 

Gypsum. ,..' 
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Hair 413 

Haloid salts. . 352 

Hartshorn ... - 168 
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He&t (see Csloric) . , 15 

Heavy spar , 330 

Hematosine • 416 

Haematite. 364 

Hepar sulphuris 338 

Hog's lard 415 

Hircine 430 

Homberg's pyrophoras 333 

Homberg's phosphorus .... 68 

Honey 383 

Hoofs : .... 413 

Horn ...413 

•Horn lead 301 

Horn quicksilver. , 304 

Horn silver.' 310 

Humboldtine....... ,360 

Humors of -the eye 426 

Hydrargyrum 302 

Hydraulie cement 248 

Hydrargo-cUorides 352 

Hydrates 155 

Hydrogen . . . -• 150 

Hydrochlorates 349 

Hydrochloric ether 391 

Hydrometer 114 

Hydro salts 348 

Hygrometer 50 

Hjrperoxymuriates 337 

Hypochlorites v . . . . 338 

Hyponitrous ether 391 

I 

Iceland sp^r 348 

lUuminatihg gas ;...... .\ . 402 

Incandescence 30, 67 

Indigo 404 

Ink 370 

Iodine 212 

Iridium 318 

Iron .-.260 

Iron pyrites^ ,.-. . • « r . 265 

Isomeric bodies ^ 137 

Isomorphism 143 

Ivory black 171* 
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Jet 



Kali 



402 
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Kelp...., 346 

Kermes mineral 291 

KiBg'j3 yellow 286 

Kupfer-nickel 277 



Lac. 399 

Lampblack 171 

Lamp without flame • 391 

iLANTfiANUM . 292 

Lapis causticus 234 

infemalis 236 

Laws of combination 127 

Lead 297 

Lepidolite 242 

Leyden jar 80 

Lignite 402 

Light 58 

theories of ....... .*. 58 

decomposition of.... 63 

fdifiusion of 59 

dispersion of • 64 

polarization of 62 

reflection of ... ^ ... . 59 

refraction of. , . 60 

tdrrestiial «... 67 

Lime ........> 247 

water 248 

Liquefaction 40 

of the gases 51 

Litharge • 298 

Lithia 243 

Lithium 242 

Litmus ...'..'.. 404 

Liver of sulphur 238 

Loadstone 95 

Logwood 404 

Lunar caustic 336 

Lymph 426 

M 

Madder. 404 

Magnesia ; . 251 

Magnesium .' 5^1 

Meignesian limestone 349 

Magnesite « M% 

Magnetism, . ., ^5 

Magnetic needle 97 

Magneto-electricity. ..,,.., lo? 
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Malachite ^ . 348 

Malt... \ 386 

Manganese , 256 

Manna ».,... 384 

Mannite- ........*..'....., ..384 

Margarine ....... ^ ^ ...... . ; 39t 

Massicot i. . , 300 

Mastic 399 

Melam . ^ , 367 

Melamime ^ , » 273 

Mellon .;, . . ^ . . 179 

Menachanite 293 

Manures 408 

MERClTRr V 301 

Metals . . . .i.. ^ . . . 231 

Meteoric iron 260 

Microcosmic salt. ......... 340 

Milk 425 

su^r of ,..i 382 

Mineral pitch. .<....; 389 

tar....... i*. 401 

chameleon 259 

Minium ,301 

Molasses , i ......;,..... , 382 

Molybdenum. . v. ... .v. 288 

Mordants ...... .^. , .v . . . . 403 

Morphia .,. 372 

Mortar ; 248 

Mosaic gold 275 

Mucus * . . ..426 

Murexida 357 

Muriates (see Hydrochlorates) 

Muride 216 

Muscle ....";...... 413 

Myricin : . . 400 

' N ■ ■ 

Nails of animals. ." 413 

Naphtha 400 

Nalreotina. . .' , . ,\,\ 37.3 

Natrium .288 

Natron 239 

Nickel 277 

Nitrates :' 333 

Nitre 334 

Nitrogen .' . 156 

Nomenclature ". 115 

X) 
Oil oif Dippel / 430 
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Oil of hempseed 397 

' ' \ of vitriol 184 

spermaceti 414 

d turpentine 397 

train ........... ..^. 414 

of bitter almonds .... 398 

Oils fixed.-,. , .^. .: . . . . 395 

volatile ..397 

drying.. 395 

Olefiant gas.... .......... 179 

Oleine 371 

Olive oil 397 

Olivile , ,.394 

Opium ...*... 372 

Opodeldoc 371 

Organic analysis .'.*.'...... 440 

Organic chemistry 354 

Orpiment 285 

Osmazome. ... i ......... . 413 

Osmium ^ . . , 318 

Oxalates. .'. . 362 

Oxalic ether. * 392 

Oxydation 147 

Oxy-chlorides 352 

Oxy-salts. , .v. . . . *. . ..... 326 

Oxygen , . . . . H5 



Palladium 318 

Pancreatic juice ..........' 423 

Paracyanogen 179, 180 

Paraffine ^ .... 401 

Ptearlash. * 345 

Pearl spar 348 

Petroleum > . ; 401 

Pewter , . . . . 299 

Pharmacolite 341 

Philosophical wool. *. 271 

Phlogiston. . ...... r 150 

Phloridzine ...,.* 394 

Phosgene gas ...,.;. ^ ... . 362 

Phosphates ;. 339 

Phosphate of watwr 193 

Phosphorescence ,' 68 

Phosphor! , 68 

Phosphorus 190 

Photography..., 66 

Photometer . . . . » ..." 69 

Picamar ..,.-. 401 
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PicTomel 4i34 

Picrotoxia . • • 375 

Pincia)€ck '......... 295 

Piperin .v 394 

Pitchblende 291 

Pitch » 399 

Pittacal 401 

Plaster 330 

Platinum ...•.•• 316 

Platino-chlorides 352 

Plumbagin.- 394 

Plumbago 172, 266 

Potassa 234 

Potassium 233 

Powder of Algaroth 290 

Precipitate, r^ 304 

Proof spirit 386 

Proteine .....'...••.«..... 411 
Proximate analysis. • . i . . . . 359 

principiea. . . ! 359 

Prussian l>ltie ............ 379 

Pulse glass .48 

Purple of Oassius* 274 

Pus. ...427 

Putrefaction 389 

Puzzolana . .^ 249 

Pyfacids 359 

Pyrometer 30 

Pyrophonis 333 

Q . 

Qualitative analysis 431 

Quantitatiye analysis ...... 431 

Quassine i ... . 395 

Quercitron bark 404 

Quicklime » 247 

Quicksilver 301 

Quills .-. 4l3 

Quinia 373 

R 

Radiation of heat 21 

Realsar i 285 

Red ayes ^ . 404 

Red hematite. : . 264 

Red lead .• 301 

Refraction of light. 60 

Reflection of light ,\ 59 

of heat ;..i........ 24 



Register thermometer 38 

Regulus of antimony ••••.. 289 

Rennet 425 

Resins ...*^. 398 

of copper .'. 297 

Respiradon ...*.-«.' 418 

ef plants, .v • » 406 

Rhodium ^18 

Khubaibarin. ..,.••* 394 

R4»chelle salts 368 

Roman cem^a,t 248 

Rosin 399 

Rotation of crops 408 

Rouge. 264 

RutUe...... 293 

S 

Saccharine fennentation. . . . 386 

Saccharometer 388 

Safety lamp» 178 

Safflower .^ 404 

Saio....... 381 

Salaeratis 346 

Sal ammoniac 349 

mirabiie....« 329 

volatile..... 347 

Salicin 394 

Saliva 422 

Salt.c(»nmon '. . . . . 240 

Rochelle 369 

of Alembroth 350 

of Derosne ......... 373 

of lemons. ........ • . 362 

mfcrocosmic. ....... 340 

petie 334 

of tartar ...369 

spirit of'. 207 

Salts 319 

Sandarac 399 

Sanguiliaria 375 

Saccocoi . «. 394 

Saxon blue 404 

Scale of equivalents r 133 

Scheele^s green 341 

Scillitin 394 

Sealing wax. 399 

Selenite 330 

SfiLENlUM 200 

Senegii^ , 394 



XNDKX* 



451 



Serum .•.»-• 416 

SheUs 413 

Silica 198 

Silicates 199 

Silicon ....»••... 197. 

Silicum liquor. . . •..*..... 199 

Silver ' .308 

Silver glance. 311 

Sinapism . • • .^ 394 

Smalt 376 

Soap 396 

Soda 239 

Soda ash 347 

Sodium 238 

Solania 375 

Solders 395, 299 

Specific gravity. •...•••... 113 

Speculum metal. • 395 

Spectrum solar 63 

Speiss «. 377 

Spelter , 269- 

Spermaceti. • • .s. . • 414 

oU 414 

Spirit proof « • . . . 385 

of hartshorn , 168 

of wine , 384 

of salt .207 

Splint coal 403 

Stannates. . • 374 

Starch ; 380 

Starkey's soap .,...., 397 

Steam engine. .45 

Stearine ......'. 371 

Steel .; 267 

Indian. 368 

Stibium ; 389 

Strontia .^346 

Strontianite «... .348 

Strontium 345 

Strichnia > . 375 

Suberin 395 

Sublimation 47 

Succinates 365 

Suet 415 

Sugar, cane 383 

candy 378 

of ffrapes 383 

of kad ...;........ 364 

of milk.. 382,384 



SiiG^r of diabetes 383 

Su^hates 327 

SULPHUR« . 181 

Sulphur springs i • . • 188 

Sulphur acids 331, 350 

basis 331, 350 

r salts 350 

Sulphuric ethor 38^ 

Sweat. . . . . i . ., 437 

Sympathetic ink ', 377 



Tallow. 415 

Tangential force \ 99 

Tannin 369 

Tantalum, i 388 

Tantalite 388 

Tapioca ...' 381 

Tartar ;....../.. 423 

emetic ;.. 369 

Tartrates 368 

Tears...;., 426 

Teeth ....... .413 

Tellurium .\. 293 

Tendons. T. • 413 

Terrestrial light : .... 67 

Theory of types.^. 358 

Thermometers ..*.....»..... 35 

Thermo-multiplier 76 

Thorina, 255 

Thorium ... i 255 

Thorite.... 255 

Tin 272 

Tincal., 343 

Titanium 293 

Tombac 295i 

Torpedoes ... 377 

Train oil .....414 

Tr^scalency I.... 27 

Tras or terras 249 

Treacle 382 

TuNesTEN 288 

Turmeric 404 

Turpeth mineral 332 

TumsoL 404 

Type metal 299 

U 
Ulmic acid • . • • 370 
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Uramae. .i 357 

Ultimate analysis . • . . ^ . . 359 

Upas. ^. . . 375 

Uranium 2dl 

Urinaiy concretions > .439 

Urea. .• .^28 

Urine, . . . •- 437 



Vanadium. 287 

Vapbrization > • . . 43 

Varvicite ^9 

yegeta1)le acids ,...;...; ^59 
albumen ........'-. 394 

alkalies » -STSi 

chemistry. ... r.\ . . . 359 

Venice turpentine \ , 399 

Vera^a. 375 

Verdigris i .. . 365 

Verditer*> \ .....;.. 348 

Vermilion .... J .*...... 307 

Vinegar , 363 

aromatic •...,.... 364 
Vinous fermentation ...... 387 

Vital air 145 

Vitriol, blue ;.,... 331 

green . r. ........ . 331 

white . .33i 

oil of 184 

Volatile alkali ..,:.*..... . 168 1 

Voltaic pile .♦.;.. 86 

Volta-electric induction . . i . 100 
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Water ..\.. . .. 154 

cOnstitutioniad 324 

of crystalization. . . -. 32$ 

Wax 400 

Wfeldingof iron. .262 

platinum 316 

Wkey 425 

•Whiteash ' 347 

lead. ^ ..348 

copper 295 

flux 226 

Wines .385 

Witherite 348 

Wolfram .. « .288 

Wool........... 413 

WootB.. 268 
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Yeast '. 387 

Yellow, king*s . , 286 

patent 353 

, chrom€i .......:.. 343 

' dyeEh. . ....»».... 404 

' wash . . . 305 

YtMa , 255 
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Zinc ..'.... 269 
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QUESTIONS * 

„ > TO 

JOHNSTON'S CHEMISTRY. 



Moet of the questions have reference to the put of the work in large 
type ; the few, the answers to which are found m the part in small type, 
are printed in italics.. 



INTRODUCTION. 



Pagb 11. Into what three branches may the science of nature be divided f 

What three sciences are included in thB first branch f 

Of what does Natural Philosophy teach t . 

How may chemistry be definea t . ^ • " 
' To what has the name atom or molecule been applied f 

What two kinds of atoms are there ? . 

P. 12. What are integrant particles or atoms ? • 

What are constituent.atoms f * ' . - '' 

Into what two clasps may idl bodies be divided f 

What is a pimple body ?. " 

What is a compound body f ^ , 

How many ample bodies are known f ^ 

What is cohesioh t 

Whatisafiinityf - 

. Are the forces of cohesion .and amnlty exerted at sensible or insensible 
distances f 

P. 13. Is matter destructible f ^ 

To what is the power of the chemist limited f . , 

By what two methods may the composition of a body be determmadf 

What is meant by analysis ? What bv synthesis f 

Into.how many parts is this work divided f 

What does the first part comprehend ? 

P. 14. Of what does the second part treatt 

How are elementary bodies divided ? * 

What does the third part treatof ? 

What is included in the fomn^ part t - 



• •■ 7 

PARTI. 

IMPONDEHABLE SUB8TANOB8. 

Paos 15. What is mea^it by the term heat t 

How IS the word ctdonc used ? 

Why' is heat said to be imponderable f 

How is heat known to be .present in all bodies f 

P. 16. How is it shown that heat may be transferred firom one substanot 

to another f . " 

(453) 



454 QUESTIONS TO JOHNSTON's CHEMISTRY. 

By what way is heat commmlicated from a hot body to one which ia 
colder f • 

When is heat said to be comrnunicated by radiation t 

Whea two bodies of diffisrept temperatures are in contact, what are the 
piincipal conditions that infludncer the communication of heat from one to 
the other ? 

F. 17. What is meant by the conduction of heat ? 

Whyr on a cold morriing, do son^e- substances feel colder than others, 
tboueh all have be6n exposed to the same atmxwphere f 

What is meant by a amduetor of heat ? What by a noti'^eanduetor t 

How is the conducting power of solids determined? > 
• P. 18. What metal is the. best conductor t 

Do all experiments bearing on this subject agree f 

Why wiU not a handkerchiefs hdd against the gtnooth hack ef'a tooted, and 
iktn Imm^kt in contact with ignited eharzoal, takejire readily f 

P. 19. Has the cause of the different conducting power ol substances been 
iiillv determined ? 

Does this property seem to .be intimately coitnected ^nrith any other pro 
pertyt .^ 

What is supposed to occasion th^ non-conducting power of cotton, wool, 
fur, &rc. f 

What is the use of fire-bridL in tonaces f- 

Why are double windows sometimes used f - ^ 

How are ice-houses constructed f . ' ' 

What is the. design of clothing f 

Is the ^'enerial practice of mankind in their selection of clothing justified 
by expenment f " ^ 

P. 20. What effect 4oes snow have upon the eartH in winter f 

How is advantage taken of the conducting power of substances in the 
construction of lamps ? 

How is heat distributed through liquids? 

Why is motion produced among the particles of a liquid 'by applying 
heat t 

What if meant by the tonveetion of Meat f ^ 

Can a liquid be heated by applying heat st it&. surface'? 

P. 21. ^010 may the eeUiblithment of the currpUe in a lijuid by heat he 
ehmonf 

How may water be made to hoU in a veesdi o^ jf^ contain 'ice at the taate 
timet 

p. 22. When is heat said to be radiated t ^ 

When a heated body is suspended in the air, by what three ways is its 
temperature reduced ? 

In what direction is heat emitted from the radiating surface ? 

When rays of heat fall upon a surface, in what three ways may they be 
disposed of? 

what is the chief circumstance that influences the radiation of heat from 
a body ? 

What surfaces radiate most freely ? 

How ia the radiating power -of polished surface affected hv scratching it ? 

P. 2B. Does the racjating power of a body depend entirely upon tho con- 
dition of its surrace ? 

What substance forms the best radiating surface ? 

Does the color of a body appear to have any influence upon its radiating 
power ? 

What kind of vessels retain heat best ? 

P. 24*. Why sh6uld stoves and stove-pii>es be n>ade of a material haviitg 
a dark rough surfiice ? * * ^' 

How may the reflection of heat be shown ? 
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Wkat are the angles of incidetue and refection t 

P. 25. May heat, unaccompanied by Ugnt, be radiated and reflected f 

What is meant by the absorption <m heat I 

When a ray of heat impinges. u^n a body, in what three ways may it be 
disposed off . • " = . ' 

Is the absorptive power affected iQr the nature of the surface f 

How. do those qualities of a surface- which increase reflection afi*ect 
absorption? 

Into what two classes may sur&ces be divided', with Reference to their 
power of transmitting heat ? v . - 

P. 26. Does radiated heat pass through a vacuum f 

What effect has the aii; upon the transmissioft of radiant heat f 

Do transparent media affect the free transmission of heat ? 

P. 27. When is a body said to be transcalent or diathermanous f " 

Are transcalent bodies always transparent ? ' . 

What IB the most transcalent Substance known ? ~ ^ ' - 

What two theories of radiation, have been proposed t 

Which theory is most generally adopted ? * ' ^ 

On the theory of Prevost, when does ^be temperature of a body fall 1 
A.nd when does it become warmer i 

P. 28. Whatisifctof 

When does the. most copious deposition of dew take place f 

Why does the Bvaface oi the ground become colder tnan the surrounding 
atmosphere, in a calm star-light night ? 

Why is not the same effect produced when it is cloudy ? 

P. 29. Why is dew deposited upon such substances as grass, wood, the 
leaves of plants, tS&c, while other bodies, as smooth stones, remain perfectly 
dry? . , ' • 

oy what meani^is artificial ice formed in some parts of India*? ' 

At what time is the congelation greatest ? 

\yhat is meant.by the devo-^ntf 

How would you explain the deposition of dew upon & pitcher filled with 
recently drawn. spring- water in summer? 

P. 30. What effect does heat produce upon the dimenmons of bodieir? 

How is the form of a body dependent bn heat ? 

When is a body said to be incandescent t 

Are chemical changes influenced by heat t 

Under what three heads will the effects of heat be further discussed ? 

How are the integrant molecules^of a body influenced hy heat ? 

What force most oe overcome, in order that expansion may ensue ? 

In what bodies should heat produce the greatest e^Epansion ? 

P. 31. Are all bodies expanded by heal? 

Is this expansion increased or diminished by lncrea8e>of temperature f 

Do, or do. not, cfififbrent bodies -expand equally when equsdly heated? 

P. 32. How is advantage taken of the expansion of iron t)y heat in the 
tiring of wheels ? ^ 

How are clocks affected by the expansion and contraction of their pen- 
dulums in summer and winter ? 

Why are brittle substances broken when uneqtially heated ? 

How may the expansion of a liquid be shown 7 

P. 33. .Do all li((uids expand equally b;^ an equal increase of temperature f 

Do liquids expand more or I^ss at mgh temperatures than at low, for 
equal increments of heat ? 

What peculiarity in the effect of heat upon some bodies is nlientioned ' 

How does the specific gravity of ice compare with that of water? 

Is it merely in tne act of freezing that water expands ? 

How may the eximnsion of water by freezing be shown ? 

P. 34. Ai what temperature is water vMtt dense ? . . 
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What is the explanation given of the expansion of water in freezing I 

What it ground or andior ice, and what is the explanatian of Ue forma- 
tion t 

What other substancee besides* water^expaod on solidifying^ ? 

P. 35. What would be the effect upon large bodies of water, if its den- 
sity continued to increase as it froze, as is the case with'marcury and many 
other substances ? . 

Why does ice float upon the sur&ce of water f 

How mu€^ does the volume of a gas fit 32P expend f<Mr every degree it m 
heated t 

What is the design of the thermometer t 

Who first constructed a thermometer f ' 

How was the thermometer of Sanctorio constructed t 

What are the objections to the use of- this thermometer f 

P. ^. How is the Differential thermometer constructed ? 

Will this thermometer indicate changes of temperature in the atmosphere f 

What use is made of it f • 

What was the peculiarity of Howard's thermometer f 

P. 37. Do sohcts answer well foi: constructing thermometers? 

What fU'e some of the properties required in, a substance for forming a 
good thermometer? 

What substance falfils these conditions.better than any other ? 

Are its expansions for a given increase of temperature the same at all 
temperatures? 

How is the common thermometer construeted ? 

P.. 38. What thermometer is chiefly used in this country and in England f 

Wbdre is the zero on this thermometer ? . 

How many degrees are there betweenthe freezing and the bpiling points f 

What are the peculiarities of the centigrade thermometer, and that of 
Reaumur? 

How are degrees below zero usually designated <? 

Can the mercurial thermometer be used to m^asme temperatures below 
the freezing point of mercury ? 

What thermometer is made use of for this' purpose ? 

Can the indications of the meicurial Uiermometer for temperatures above 
212^ be Ailly relied upon ? 
- P. 39. What is the design of the Begiater thermometer t 

How -is it constructed ? 

What \b the pyrometer f . 

Upon what aoea the action of most pyrometers depend ? 

Pr 40. In what three states does matter exist ? 

Upon what does the form any bQdy assumes depend ? 

To what is the .property of repulsion owing ?^ 

How may the form of a body be made to vary at pfeasure ? 

What is meant by the melting point of a body ? What by the freezing 
point? 

If a pound of water at 32° is ^ixed with another pound at 172<', what 
virill be the -temperature of the mixture ? 

But if a pound, of ice at 22P is mixed with a pound of water at 172^, what 
will be the resulting temperature ? 

P. 41. How many degrees of |ieat are absorbed by water as it formf 
from ice ? . ' 

What is meant by the Acat of ^ttirfifyf - 

Is the heat of fluidity the same indinerent substances? 

How is liquefaction generally produced ? 

How is liquefaction, produced ifi freezing mixtures ? 

What is said of the cQld produced by a mixture of snow and chloride oi 
calcium ? 
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Is heat always absorbed durine the eolation of a salt ? 

P. 42. What effect is produced upon .the temperature when liquids con- 
geal! 

How low may water be pooled without.freezing ? 

How is a thermometer placed in it affected when freezing (ipmmences t. 

In what .two states on the theory of Black does heat exist f < 

When a 'solid becomes liquid, what is supposed to become of 'its free oi^ 
loric? 

What is the greatest cold, that has been produced by freezing mixtures f 

How great a oold has 1)een produced by means ot soUd carbbnic add f 
JSee 81). 

Has the absolute zero be^n determined f 

.P. 43. Into what two classes are aieriform substances divided t 

What is the distinbljon between them f 

What is the cause 6f vaporization ? 

When is a substance said to he fixed in the fire f 

Are liquids or solids the more readily converted into vapors f 

Do vapors occupy more or. less space than the solids or liquids from 
which they are formed ? . / 

How many times its volume does water expand in changing into steam t 

How are EbuUititm and Bvaporation distinguished ? 

P. 44. Whaf is meant by the haUitig poini of a liquid f 

At what temperatures do alcohol, water and ether boil ? 

What is the temperature of boiling mercury ? 

'Is the boiling pomt of a substance constant t 

What circumstance essentially affectjs the boiling point of liquids t 

What is the pressure of the atmosphere upon every square'ineh of surface t 

Why does water boil at a lower temperature on a mountain than in a 
valley! 

If the pressure of the atmosphere were removed entirely, how would it 
affect the boiling point of licniids 7 

P. 45. Is a liquid always hot when it boil^? 

Whycannot water be neated in the open air above 212^ f 

May it be heated above 212^ when confined ? 

What is the tension of steam arising from water heated to 250^ ! 

On what two properties of steam does its application in working the 
steam engine depena ? ' 

P. 46. Is the formation oi vapor attended by the absorption of heat! 

How much heat is given out when steam at 212° is Converted into water 
at 212© ! , 

In what does dittiUation consist ? 

P. 47. When is the. term condensation lised ! When the term nMima 
tiont . , ~ . 

What is meant by evaponUionl 

Do all liquids evaporate with equal rapiditv ? . 

What are the chief circumstances that-influsnce evaporation! 

P. 48. How may it be lihown that caloric is absorbed during the evapo- 
ration of a liquid ? 

How may water be frozen by its own evaporation under the receiver of 
the air-pump f 

On what principle is the water frozen in the cryophonis ! 

P. 49. How is the temperature of the human system prevented from 
rising too hi^h in warm weather ! ' , 

To how high temperatures have* individuals voluntarily exposed them- 
selves without injury f 

How is the high temperature of summer miti^ted ! . ^ 

Why are porous earthen vessels sometimes chosen to contam water for 
drinking in warm weather ! . - . "* 
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P. 50. What was formerly supposed tb be th^ cause of the evaporation 
of water in the air ? . 

What is the true cause of evaporation f 

What constitiites the mists and clouds -which, are constantly seen in the 
atmosphere f 

P. 51. How is it that all the water on the surface of the earth is con- 
stantly subjected to a natural distillation 7 . '^ 

What may the gases be considered ? 

Why are these substances always found in the gaseous state f 

What is the usual method of liquefying a gas ? 

What is the only gas that has been solidified 9 

What is the method of sohdifyiog carl)onic acid gas 9' 

P, 52. What is' the appearance of frozen carbonic acid ? 

P. 54. Does the thermometer indicate the quantity of heatin a body f 

Does equality of temperature in two bocfies necessarily iippiy that they 
contain the same amount of heat? 

If a pound of mercury at 160° is mixed with a pound of waiter at iOP, 
what will be the temperature of the mixture J 

If the water is at 160°. and the mercury at 40°, what will be-4he result- 
ing temperature ? . ' . 

If a given amount of heat raises the temperature of water 5 degrees, how 
hi^ wUl it heat an equal whisht of mercury ? 

P. 55. If equal quantities of heat are adaed to. et^aal weights of water, 
spermaceti oil'^ and mercury, what will bfe their^relativ6 temperatures ? 

What is meant by the specific hetxt of a body ? .' 

P. 56. Is the specific heat of all bodies the isame f 

Is the specific heat of a body greatest ^h6n in the solid or liquid state f 

llow is a thermometer affected when placed under tha receiver of the air- 
pump and the air exhausted ? < . ' . 

What is the priTiciple upon whidi the. fire-syringe operates t ' 

Why is a piece of^ metal heated by JiMnmering ? . 

P. 57. What are some of the principal sources of heat f 

What is the great source of heat to the earth ? 

How may the heat of the sun be greatly concentrated ? 

Jlowis artificial heat generally prmli^ced ? ^ 

What is said of the heat produced by the boring of -cannon ? 

P. 58. Ay hat two theories of light have been proposed ? - 

What was Newton*s theory ? ' • • ' • 

What is the undulatory theory ? . ' 

Which is now most generally received ? , . 

P. 59. From what points in a luminous body does light emanate T . 

What is meant by a ray of ligfet ? ' -"^ 

In what direction does light always^ move unless turned out of ito 
course ? ' * 

Is the passage of light instantaneous or progressive ? • 

When is light said to be refieeted t . 

What kind of surfaces reflect light most perfectly f 

P. 60. What two law's govern tqe reflection of light? 

When is light said Xb be refracted t" - ^ 

P. 61. Is there any difference in the power of bodies to refract light? 

What class of bodies refract light most powerfully? 

What two laws govern the- relraciion of light ? 
' P. 62. What is meant by the index of refraction! 

What is meant by double reaction t - 

P. 63. How may the analysis of light be effected ? 

How did Newton decompose -light? 

What is the soZar »pertrtt»i f* 

What is th^ most convenient instrument for decomposing hght ? 
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P. '64. What occasions one of the greatest difiiculties in the nianufacture 
of telescopes ? 

What is meant by an ackromatie optical instrument ? . i 

How are the different colors of bodies iexplained ? • 

What are the three primary colors, according to Brewster ? t 

In what part of thespedtrumifi the maximum iUuimnation t > 

Does the solar ray contain heat ^ well as light ? ' - ' ' 

P. 65. Is the solar ray capable of producing chemical cfaangosf 

What effect is prbduced by light upon the white chloride of silver I 

Is it supposed the rays which produce the chemical changes are separate 
&om the heating and icolorific rays ? ' 

P. 66. Wh&tiB, Photography 1 '• 

How are pictures' formed. on paper by means of chloride of silver? 

What is the Daguerreotype ? ' . 

What are the essential parts of the Daguerre6t3rpe process ? 

P." 67. Does terrestrial light differ essentially from solar light f 

When is a body said to be incandescent t 

At what temperature does a heated bod^ become luminous in the dark ? 

Do the various kinds of artificial, light differ in the iq)pearances presented 
wh6n transmitted through the prism ? 

P. 68. How is lime made to emit a dazzling light ? - 
• What is meant by th6 ^phosphorescence of aXody ? 

P. 69. What is the design of the jhoUmu^er t 

P. 70. What effect is produced upon some bodies, as glass, sealing-wax, 
and sulphur, by being nibbed? ' •- 

What is the derivation of the word dectricity t 

When is a body said to be electrically excited ? 

P. 71. When an electrified body touches one that is net electrified, what 
V the efifect produced ? . 

What are conductors and non-conductors of electricity ? • . 

What are some of the bodies belongings to each class ? . 

P. 72. 'When is a body said to be insulated ?. 

Why are electrical experiments apt to fail in damp weatherf 

Wbat terms are used to designate the different kinds of electricity devel- 
oped upon sealing-wax and upon -glass I 

P. 73. Are both electricities always excited by fiiction t 

Why are not both collected ? . ' 

When sealing- ^ax is rubbed with brown' paper, which will be positive 
and which negative 7 

What is the state of glass when rubbed ?- 

Is it known whether electricity, is rerally a material^ agent? 

What is Dufay's theorv of electricity ? 

P. 74. When, on this, theory, is a body in its natural state f 

What is Franklin's theory ? . 

On this theory, when is a body in a state of excitement? 

When do bodies attract, and^when repel each other ? '^ 

P. 75. What is the desi^of the electrical laaohine-^ 

What are some of its principal parts ? 

To what is the electricity excited by the machine to be attributed? 

P. 76. Can any quantity of electricity be obtained, when the rubber and 
he prime conductor are both insulated? 

How is electricity excited in the metals by change of temperature ? 

What is tlffi thermo-muUivlierl 

P. 77. What is said of chemical action as a source of electricity ? 

P. 78. May electricity be developed by change of form in abody ? 

P. 79. When is a body said to be electrified by induction t 

P. 80. How is the Leyden jar constructed ? ' . 

How is the electric shock produced by means of the jar ? 
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To whom is the science of Galvanisni indebted for its origin and its name f 

What was the discovery made by Galvani f 

P. 81. To what did yolta attribute the electricity excited f 

Are common electricity aild galvanism attributed to the same agent f 

Of what does a iimple galvanic citd^ consisLf ' 

P. 62. When is the circle said to be dosed f 

P. 83. What is the direction of the positive cmveDt t . 

How may a simple galvanic curole be formed-^ one metal and two 
liqwdsf - ' 

P. 85. Is it neoeisary that sine and CfH^per should alwa|^s be used t 

Must the liquid always contain an acia ? 

Under what circumstances is the galvanic aetion most intense f 

How is the rapidity with which the metals are acted oh by the solution, 
affected by the galvanic current which is excited 1 

What is gfdvanmed iron f •- 

P. 86. Are metallic bodies essential to the prodiictieB of galvanic phe- 
nomena? '^ • • . * 

Of what does the galwmie hdttery consist t 

How is the VoUaie pile constructed t ' 

P. 87. What is meant by the paUs or deetiwies t 
' P. 86. What is the peculiarity of thd tfajvante d^Utgrtkof f 

What is the peculiar constniction of tie palorimolot f - 

P. 89. Does the energy of the battery depend in any degree upon tha 
UBMie of the liquid used t 

What liquid answers best for general purposes t 

P. 90. What is meant .by the mtensity of an electric enrrentf 

Upon what may we suppose it to depend f 

What kind of conductors do large quantities require? 

What is said of the intensity of the current from a si^le.pair of platea t 

What kind of circle gives a current of the highest intensity ? 

P. 91. Inlo what three classes may the effects of galvanism be divided ? 

Do the electrical effects depend most upon intensity or upon quantity ? 

What is the effect of sending the currentihroueh charcoal ? 

P. 92. What was the first chemical effect of galvanism discovered ? 

At which wire is the oxygen collected, when vrater is decomposed. f 

Why is it necessary to use gold or platinum wires f 

May salts be decomposed in a similar manner ? 

What wr4'eleetr0-negative and eUttro-posUvbe substances ? 

P. 93. How, in.decoraposing a salt, may the acid be. collected in one cop 
and the base in another ? .. - ' 

What 0^*0 meant by anode and cathode t i 

P. 94. Whatls it to electrolyxe a compound? 

What are anions and cations f 

Are all compounds electrolytes t 

P. 95. What is loadstone f 

What are the poles.o{ a magnet ? 

P. 96. If a magnet is suspended in a horizontal position, in what direetioii 
vrill it settle ? 

When do two magnets attract each other, and when do the^ repel ? 

What is the effect upon a piece of soft iron, when brought m the vicinity 
ofama^et? 

What 18 an artificial magnet ? 

P. 97. What is the armature or keeper f . • 

What 18 the ma^tetid needle f 

How is the dipping needle constructed ? 

What may the earth' be^considered, in referenoe to magnetism ? 

What effect has lightning long been known spmetiaiee to produce upon 
the magnetic needle I 
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- p. 98. What was Oersted's discovery, that has laid the foandataon for the 
science of electro-magnetism f 

What is the method suggested by Ampere for remembering the direction 
of the movements ? 

When the influence of the earth's magnetism is neutralized, what position 
will the needle take with reference to the wire f 

Is the conducting wire capable of attracting and repelliiig the magnet f 

P. 99. Do the poles tend to revolve around the wire ? 

If we suppose- the conducting wire to be in a vertical position, and the 
positive- current descending, in which direction will the north pole of a mag- 
net in the vicinitv of the wire tend to revolve f 

P. 100. Are- the phenomena o^ electro-dynamics produced by accumu- 
lated electricity, or by electricity in motion ? 

What is the best form of a battery for producing, the magnetic effects f 

What is the galvanometer or galvanic multiplier f 

P. 101. How does the influence of a single point of the conducting wire 
upon the needle, vary, with the distance f 

P. 102. How is De la Rive's ring constructed f 

How will it arrange itself when free to move t ' 

What may we therefore regard it ? 

P. 103. How may magnetism be induced in ineoes of soft iron by meana 
of the g?ilvanic current ? » 

How may a piece of soft iron in the form of a horse-shoe be magnetized 7 

P. 104. In order to develope magnetism the ntost freely, should the wire 
be in a single piece or in several pieces ? 

What is the electro-magnetic engine t 

P. 105. What is Ampere's theory- of magnetism t 

If we suppose the ma^et to be a straight bar, and to stand on its north 
pole, in what direction does the positive current move in the south pole, 
standing upward ? 

P. 106. How are electric currents supposed to move in the earth t 

Does a current passing through a heii|[, excite a current in another helix 
coiled around it 7 

P. 107. What is magneto-electricity f 

How is electricity excited by lAagnedsm ? 

P. 109. What was the theorv c^ galvanism proposed by Voltal 

P. 110. Who proposed the chemical theory f 

What is the chemical theory ? 

What was Davy's theory ? 
' P. 111. Which of these 4heories is how generally received? 

May a spark sometimes be. obtained befoi'e the contact (4: tlie metals t 



PART II. 

INORGANIC CHEMISTJSY. 

Page 113. What is meant by the specific gravity of a body f 
How is it found ? . 

P. 114. How is the hydrometer constructed f 
How is the specific gravity of a sohd found f 
For what is Nicholson's areometer used ? 

P. 115. What substance is taken for the standard,* 19 determining^ the 
epecific gravity of the gases ? ' 

P. 116. What suggested the name of oxygen t ^ 
What is an oxide ? • . 

How are the different acids of the same substance designated f 
39* 
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How are acids named that contain no oxygen ? 

When ia the termination »r«( used ? ■ 

P. 117. How are the difierem oiides of the same substance desig- 
nated f 

la* the termination ttref as much used as formerly f 

What is a mO f 

How do we distinguish the salts of the difierent acids t 

w hat are neutrol, <«&, and tufer aalts f , i 

P. 118. What numerals are used when the acid is in excess f I 

What are used when the base is in excess f • .. 

What are acid and basic salts T I 

What ia meant by the terms monobasic, bibasiei &c. f 

To what are all chemical phenomena owing t 

P. 1.19. At what distances ii this force exerted? 

What simple instances of the exercise of afiinit^r are mentioned ? ^ 

Why does not su^ dissolve ^th equal facility in alcohol and water ? 

Why is affinity said to be elective f ' 

What is meant by single tieetite affimty f ^ 

Why is camphor set ^ee from its solution in akohel by pouring in water f 

P. l20. Is €hemical action to he regarded a» the retuU ^ €tfiniiy alone f 

P. 121. How manjr eom|K)UBdB are destroyed, a&d how many new ones 
formed, in cases of double elective affinity f 

What ia meant by piieteeni and divdlent affinitiee ? 

P. 122. What are some of the circumstancSes that afiect the yction of ^ 

affinity! 

By what two methods may cohesion be diminished ? . . 

P. 1^. How is chemieal action affected by elasticity ? 

How does heat influence eheniical action f 

P. 125. D(^any important changes take place during chemical action f 

Could we judge of the composition of water* from a mere knowledge of 
its general properties 1 

Who first proved the compound nature of the alkalies t ' 

P. 126. Is it possible to predict the properties of a compound frbm, know- 
ing those of its ingredients 7 

What effect is usually produced upon the bulk of two bodies when they 
combine ? ' ' 

What occasions the heat product when lime is slacked? 

Are the changes produced by chemical confbination various f 

What are some of the examples mentioned I. 

P. 127. Do substance^ combine indefinitely in all proportions f 

Do water and alcohol, or water and sulphuric acid, unite in all propordons f 

What is said of the. solution of common salt in water ? 

P. 128. Do the metals combine in definite proportions? 

What indications are there that in these cases there are a few definite 
compounds formed ? . 

P. 129. What is the first law of combination ? 

What is the second law of combination ? 

What is adopted in this work as the unit of the system of numbers used \ 

to designate the proportions in which substances combine ? 

P. 130. What is meant by the equivalent of a substance ? 

How is the equivalent of a compound substance determined f 

P. 131. What ia the third law of combination ? j 

P. 132. What is the fourth ^aw of combination ? ^ 

P. 135. What is the object of using chemical symbols ? 

From what are they derived ? 

P. 137. Whatisacry«toZ? ^ 

What are the most' favorable conditions lor the formation of crystals ? 

Is the number of forms in which a substance may crystalize limited ? 
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P. 138. May crystaline forms serve as a ground of distinction between i \ 
substances? 

Does crygtdlizatiott sometimes take plaee in solids 9 . * * 

Into wnat twocla$8es are the forms of crystals divided ! '< 

P. 139. What is the nuihber of primary rorms t > . •, i 

Into what three classes may they be divided ? 

"What are right prisms t ^ 

WhM are Mique prisms t ■ t^ 

How many octohedrons af3 there J . . 

P. 140. What ia the form of the cube f 

How is the right square prism defined f 

How is the right rectangular prism describ^^d f . * 

P. 141. What is the fprm^of the rhombohedronf, 

What is the form of theri^ht rhomboidal prism f 

How is the* regular octohedron described f - 

What is the form of the rectangular octohedron 7 ~ . • 

P'. 142. How is the rhombic d(3ecahedron defined t 

What iff said of the number of the secondary forms f 

How are they derived from the primary forms ? 

What is meant by a tangent plane f ■ 

P. 143. What is a system of crystcdixatian t 
' How many systems of crystalization are there t ' . 

How many difieren^ forms of crjrstflls of carbonate of lim^^re knti^.f 

When are two bodies said to be isomorphous f 

Are there known many isomorphous. substances f • 

P. 144. Do isomorphous Substances generally resemble each other in 
their various properties ? ' 

P. 145. When is a sithstance^said to he dimorphous f 

By whom was oxygen discovered I 

What are some ot the nam^ by which' it has been known t 

Why has it received its present name ? 

By what two methods may it be obtained from the peroxide of manganese f 

P. 146. Does- this substance afford the gas perfectly pure ? 

What is said to be the best -method of preparing oxygen for ordinary pur- 
poses ? . ' f ■ 

P. 147' What are the changes that occur during |he formation of the gas . 
by this process ? ' . ' 

What are some of the properties of this substance that are mentioned f 

What is the specific gravity of oxygen gas-? 

Is it absorbed by water t 

What is said of its affinity for other simple substances f 

What is an oxide ? ' • 

How are the oxides divided ? 

What is ordinary combustion ? 

Do substances that burn in air, bum nfore freely 19 oxygen ? 

P. 148. How are iron and steel made ta bum m oxygen t 

What are the phenomena that are exhibited during the combustion ot a 
taper in oxygen ? 

What are the chemical changes that Take.pIacQ? 

Does oxygen always disappear during combustion ? 

Doe^ the product of the combustion weigh more dr less than the com- 
bustible body consumed ? ■ 

Are the wood and other substances consumed in fires destroyed t 

P. 149. Is oxygen necessary to support respiration ? 

What will be the efiect if a bnd, or other small animal, is c(Hifined in a 

mited portion of atmospheric air ? . ' 

Will a lighted taper continue to bum in an atmosphere that will not sup- 
port respiration ? 
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What is the effect of breathing pure oxygen gas I 

What does the term combustion imply in its common ajifiiification f 

May other substances besides oxygen support combiwtion f 

P. 160. What mav combustion be consiaered f 

To what did Stahl attribute the combustibuity of bodies f 

What, on the Stahlian theory, was a metallic oxide considered f 

On this theory, should the product of combustion weigh more or less 
than the combustible body consumed f 

What was hydrogen formerly called f 

Why is it called hydrocen f 

P. 151. What two methods are given for procuring hydrogen t 

Which method is most convenient I 

Does this method afford perfectly pure, hydrogen f 

What are some of the properties of this substance that are mentioned f 

P. 152. What is its specific gravity ? 

What is the weight of 100 cubic inches f 

Does it .support respiration f 

Does it support combustion 7 

What is said of its combustibleness ? 

Why, in the experiment with the candle, does the gas bum only ftt the 
surface? . . 

* What effect ia produced by flame on a mixture of this substance and 
atmospheric air ? 

Do oxygen and hydrogen gases combine at ordinary temperatures f 

How may a mixture of the two gases be inflamed f 

What is the effect of spongy platinum ? 

P. 153. How are musical sounds produced by a jet of hydrogen f 

What is said of ^e heat produced by the combustion of^ hydrogen f 
. How are oxygen and hydrogen burned so as to produce great heat t 

What is the danger of mixing the gases before they are consumed f 

P. 154. How many compounds of hydrogen and oxygen are there ! 

What M the sole product of the combustion of hydrogen f 

How has the composition of water been demonstratea ? 

P. 155. What is tne quantity of oxygen and of hydrogen in 100 parts of 
water ? 

What is the explanation of the process of procuring hydrogen by the 
action of diluted sulphuric acid upon zinc f 

What are some or the properties'of water that are mentioned f 

What are the compounds of water called f 

P. 156. For what purpose is the adjunct hydro used f 

What is the source of^ the purest natural water f 

What gas is contained in rain and- snow water ? . 

What IS the source of the impurities contained in well and spring "water jf 

How may water be obtained absolutely pure ? 

What is the composition of peroxide of nydrogen ? 

P. 157. Who first determined the existence ofnitrogeh as a separate sub 
stance ? 

Why was it once called atote t 

How is nitrogen gas most conveniently obtained f 

Is this gas sometimes found in the water of mineral springs f 

What are some of the properties of nitrogen f • 

Will it support combustion or respiration,? 

P. 158. What is its specific gravity ? 

Is it fTsimple substance ? 

How many compounds of nitrogen and oxygen ave there bemdes 9tmo 
spheric air ? 

Where is atmospheric air found ? 

How many times is atmospheric air lighter than water ? 
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What is the weiffht o( 100 cubic inches ? 
' Who first noticed the pressure of the ^tmosphere f 

What is thQ amount oi the atmospheric pressure at the surface of the sea 
for every sauare Inch ? 

How nigh will it, support a.column of water ? 

P. 159. Is this pressure variable ? 

How is it afiected by elevation above the surface of the sea f 

Is the pressure of the air constant at the same place f ' 

How is a given volume of air affected by pressure ? 

Where is the atmosphere most dense f 

To what height does the atmosphere extend f 

P. 160. What is the best method to determine the relative proportion of 
coygen in the' atmosphere ? 

Wh.at is the proportion of oxygen «id mtrogen found to be f 

Is the proportion uniform f 

What other gases are always found present f 

Is the proportion of ctebgnic acid gas always the same f 

P. 161. Wh^t is the medium quantity of 10,000 parts of air? 

To what are the chief chemical properties of air owing ? 

Is the use of the nitrogen fully known f 

P. 162. What is the composition of protoxide of nitrogen f 

How is it prepared 7 

What are the chemical changed that tiake place-f 

Does this gas support combustion f 

P. 163. What is its spedfifi gravity f 

Does it support respiration f 

What effect does it produce when breathed f 

What is the binoxide of nitrogen ? - 

What has it been called f 

By what means is it prepared f 

P. 164. What are some of its properties f 

What effects are produced when it is mixed with atmospheric ohrf 

Are anv substances capable of burning iit it f 

Can it be breathed ? ' 

What is its specffic gravity ? . 

What U the composition of kyjponitrouf aeii t 

P. 165. WTiqt is the composition of nitrous flcid t 

May nitric acid be formed by' the direct union of its elements f 

Can it exist in- an insulated stale? 

P. 166. What is the common name for ordinary li<}uid nitrio add ? 

How is the iiitric acid of commerce prepared .? 

Is the acid thus formed pure ? 

To what is the yellow color of 'ordinary nitric acid^ owing ? 

How may the mtrous acid be expelled .? 

P. 167. What is the specific gravity of the strongest nitric add ? 

Under what circumstances may tne strength ofnitric acid be increased 
by boiling ? " 

What two varieties of nitric acid are known in commerce? 

At what temperature does the strongest nitric acid freeze ? 

How are most of the metals acted on by this add ? 

What effect is produced if it is flung on burning charcoal ? 

What effect is produced by it on powdered charcoal and oil of turpentine ? 

P. 168. How doe»i^affect vegetable substances? 

How does it affect the nails and skin ? 

How may ^old-leaf be made use of as a test for nitric add ? 

What use is made of it in the arts ? 

What is the only compound of nitrogen and hjulrogen ? 

By what other ;iames has ammonia Been known ? 
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P. 169. What is the most convenient method of obtaining gaaeous am- 
monia t 

What salt is sometimes found in rain-water after a thunder storm f 

How is its existence here accounted for ? 

How may an abundant supply of the gas be obtained f 

What is said of the odor of ammonia? ' 

May it be inflamed t 

What pressure is required to coodense it into a liquid f 

Why is it called volatile alkali ? 

Have we synthetic proof of the composition of ammonia ? 

How has it been analyzed f 

P. 170. What is its specific gravity f 

What is -said of its amnity for water? ' - 

What is the common liquid amnumia t 

How many times its own volume will water absorb ? ^ 

At what temperature does it freeze ? . . 

How may a vessel be readily filled with the gas ? 
• What is said of the general distribution of carbon ? 

In what is carbon found iii a state of purity ? • 

How is common dkareoal prepared ? - .• 

What is coke t 

What is ivory hlack t "Lampblack ? 

What is said of the hardness of the diamond ? 

What is its specific ^viiy\? 

Who fii:st supposed It to be combustible t 

How was the fact afterwards proved ? 

How is the diamond known to be crystalized carbon 7 

What are some of the properties of charcoal ? 

What is said of its power of absorbing the gas^ ? 

Can it be afiected by heat if oxygen is not admitted into contact with it f 

P. 172. Why ^ioes recently burned charcoal become heavier by standing^ 
in the air ? . . ^ 

What is said of its power of absorbing tiie odoriferous particles of bodies ? 

Is charcoal combustible ? 

Why does it not take fire spontaneously in the open «irf 

What is the product of its combustion ? 

What is graphite or plumbago t ' 

What use is made of carbon ? . * 

P. 173. How manv compounds of carbon and oxygen are known f 

How may protoxide of carbon be prepared ? ^ .... 

What are some of the properties of carbonic oside ? -■ 

Will it support respiration or combustion ? • 

What was carbonic acid gas formerlv called ? 

From what was it obtained by Dr. ^I^k ? 

How is it most conveniently prepared?' 

P. 174. What is its specific gravity ? 

Does it support combustion or respiration ? 

How is a lighted candle affected when plunged mto an atmoBpheve con- 
taining a large quantify of this gas ? 

How does it operate on the system when breathed ? 

How is lime-water affected by it ? 

P. 175. What is said of its absorption by water? 

How is the quantity absor'bed afiected by increasing the pressure ? 

How are soda fountains constructed ? ' . 

What occasions the effervescence which is observed -on opening bottles 
ot beer, cider, champaiffne, &c. ? 

How may water be deprived of its carbonic acid ? 

Is it always found in the atmoqphere ? 
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What is it sometimes called when collected in quantities ih coal mines ? f, 

P. 176. What is said of the number of compounds of carbon and hydro- Ji 
gen which are known f '\ 

What two only will be described f '] 

In what situations is light carburetted hydrogen found ? 

What are some of its properties f 

P. 177. Is it inflammable f 

What is its specific gravity ? 

What is it called "when collected in larse quantities in coal mibes f 

What is the danger occasioned by saai collections of the gas ? 

What is the design of the tafety lamp t 

Can flame pass through wire. gauze f 

P. 178. How is the safety lamp constructed ? . ' ^ 

Can the workmen continue to use this lamp in an ezplosiTe mixture of 
the gas ? 

P. 179. Who discovered defiant gas ? 

Why did it receive this naipe f . ' 

How may it be conveniently prepared f" ^ 

What is Its specific gravity f • " 

What Is said of the action of chlorine upon it ? 

How is it aflected by having a succession of electric sparkc* passed 
through it f 

P. 180. What is the composition of cyanogen? 

How is cyanogen prepared f 

What is said of its color and odor f 

Does it suj^port combustion ? 

What is said of its tendency to unite with elementary substances f 

P. 181. In what situations is sulphur usually found ? 

What is its appearance ? 

What are some of its other properties f . 

How is it aflected by heat f 

How may it be crystahzed f 
, At what temperature is it volatilized? 

P. 182. What BXeJUnoers of sulphur t 

Is sulphur soluble in water ? 

How may it be dissolved in alcohol ? 

At what temperature does sulphur inflame in the open air? 

What use is made of sulphur ? 

How many compounds of sulphur and oxyeen are there ? 

P. 183. Who first obtained sulphurous acidin a separate state ? 

How may it be prepared ? 

How may it be distinguished from all other gas^s ? 

How are burning bo<£es aflected when plunged inta it ? 

Can it be taken mto the lungs ? 

What is said of its absorption by water ? 

What is said of its bleaching properties ? . 

P. 184. Can the solution olsulpnurous acid in water be preserved f 

What pressure is required to convert the gas into a liquid ? 

What is said of the cold produced by its evaporation ? 

Has oil of vitriol been long known ? 

What is the method of preparing it at Nordhausen in Germany ? 

What is the composition of green vitriol ? 

P. 185. What is the appeurance of the acid as prepared by this means ? 

What is its specific gravity"? 

How may pure ai^ydrous sulphuric acid be obtained from it ? 

What is the process of manufacturing sulphuric acid in this country and 
in England ? 

What is the density of sulphuric acid prepared in this manner ? 
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What is s^iid of its stren^h as an acid t 

P. 186. What is sail] of ita alBnity for water f - 

How is their temperature afTected by their being mixed ? 

At what temperature does it freeze 7 

What substance is used as a test iSpr this acid t 

P. 187. What use is made of it f 

In how many proportions do sulphur and hydipgen combine f 

What is the cbmmon method of preparing nydro-sulphuric acid f 

What are the chemical changes tnat occur during its formation 7 

How may sulphuret of iron be prepared for this purpose 7 

What are some of its properties? 

P. 188. What amount ofpressure is required to compress it into a liquid I 
AVhat is its effect upon animals, when breathed? 

Does it support combustion 7 

What is said of its absorption hy watier 7 

What constitutes the water of sulphur spxings? 

Can water impregnated with this gas be kept in the open air 7 
- What is the enect of chlorine upon the gas-7 

What tests of this substance are mentioned 7 

P. 189. What is the composition of thebisulphuiet of carbon? 

How may it be formed? 

What is said of its refractive power? 

What is said of the cold, produced by its eYSporation? 

What has it been called? 

P. 190. From what circumstance has pho^horus received its name? 

From what is it prepared? 

What is the process of preparing it 7 

P. 191. Is i^ obtained perfectly pure by thi^ process? 

What are the chemical changes that take place during its preparatii^? 

What is the appearance of phosphorus 7 

At what .temperature idoes it fuse 7 

May it be crystalized 7 

What is said of its inflammability 7 

Can it be kept in the open air 7 . 

How is it preserved? 

How may the oxygen be separated from a portion of atmospheric air by 
means of it 7 

P. 192. Does it bum with brilliancy 7 

What use is made of phosphorus in the arts ? 

How many compounds of oxyeen and phosphorus are there? 

How is phosphoric acid formed 7 

P. 193. From what is phosphoric acid best prepared? 

What is it called when soM 7 

Wllat is said of its affinity for water 7 
,^ What three phonhatea ofyDater are known 7 

What salts are formed by the monobasic phosphate ef water? 

Wha^ is the bibasic phosphate of water 7 

How may it be prepared? 

P. 194. What kind of compounds does it tend to form wit^i fixed bases 7 

What IB tribaaic phosphate of water? 

How is it charact^ized 7 

What three kinds of compounds may it |brm with water and fixed bases f 

What is phosphuretted hydrogen ?" 

What two modes of preparing it are mentioned 7 

What different characteristics- does it exhibit, as prepared by these two 
methods ? 

P. 195. What is now supposed to occasion this difference in itv action? 

What is sulphuret of phosphorus ? * 
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p. 196. How was boron first obtained by Davy ? 
How may it be procured for ordinary experiments f 
What is Its appearance ? 
Is it soluble in water or alcohol ? 
How is it affected by intense heat, in close vessels f 
At what temperature is it inflamed in the open air t 
What is the only compound of boron and ozvgen ? ' 
WhQre is boracic add found as a natural product ? 
What is borax ? 

How may boracic add be separated from it? 
P. 197. Has this acid any taste f ^ . 

What was silicon formerly called f 
How may silicon be procured f 
P. 198. What is its appeariince ? 
How does a high tempierature in close vessels affect it f 
How does its specific gravity compare with that of sulphuric acidf 
What b silidc add ? 
Of what is it the chief in^edient f ' 
What is the appearance of pure silicic add ?' 
How mav it be made to umte with water f 
P. 199. Has it any action on test pap^ f - 

How may BolvhU glasf, or liquor tilicumt he prepared ? 
What is glass? 

What substances are used in its manu&cture ? 
P. 200. In what was selenium first detected? 
With what is it found combmed ? 
What is its appearance t 
Is it soluble in water ? , 
P. 201. By whom was chlorine discovered ? 
What was it called ? 
How is it obtained ? , 
What* are the chdmical changes produced ? 
How mav it be collected ? 

P. 202. What is the cheapest method of preparing it ? 
From what does it receive its name ? 
What is its density ? / 
Is it absorbed by water ? ' 
Can it be decomposed ? 
Does it unite with other substances ? 
Does It support combustion ? 
P. 203. What is said of its affinity for hydrogen ? 
Does li^ht affect its action with other bodies ? 

To which pole of the battery does it go, when separated firom its com 
pounds b^ galvanism ? 
What IS said of its bleachmg power ? 
P. 204. Is water always necessary to its action ? 
What is said of its disinfecting power f 
How may it be recognised ? 

In how many proportions does it combine with oxygen ? 
P; 205. How is hypochlorous acid prepared f ^ 
What vxu Davy*g euehlorine t 

How is chlorous acid formed? ^ 

P. 206. How is chlonc add formed ? ' 
What were the chlorates formerly called ? 
What is hydrochloric acid composed of? . 
P. 207, What was it once called I 
How may it be conveniently prepared ? 
How is it obtained from aea-salt ? 
40 
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What 18 the explanation of the changes that take place f 
May it be formed by the direct union of its elements ? 
What \a the effect of the sun's rays upon a mixture of the gases f 
Is any change in the volume of the gases produced by their union t 
P. 208. What are some of the properties of the gas I 
May it be compressed into a Uquid 7 

What is said to be one of the most striking properties of the gaseous add f 
What occasions the dense white cloud that appears when it escapes into 
the air T 
What is the liquid hydrochloric add of commerce f 
How many times its own volume of the gas will water absorb f 
What is the ordinary method of preparing hydrochloric acid ? 
What is its specific gravity ? 

What are some of the properties of the common liquid add 7 
P. 209. What are its freezmg and boiling points 7 
What is aqua regia t 

How may nydrochloric acid be known 7 . 

JVhat 19 the composition of quadro-iMoride of nitrogen f 
P. 210. For what property is this compound remarkable t 
What VJell-known substance does perchloride of carhon resemble t - 
P. 211. What is the composition of dichloride of sulphur t 
P. 212. When, and b^ whom, was iodine discovered 7 
To what substance is it said to be analogous 7 
Witli what is it usually found combined 7 
What substances cotitain it 7 
How may it be detected in the sponge 7 
P. 213. From what is the iodine of commerce obtained f 
How may the formation of iodine be illustrated 7 
What is the i^pearance of iodine 7 ■ 

What is its specific gravity 7 
What effects are produced upon it by heat 7 
What suggested the name iodine 7. 
Is it a conductor of electridty 7 
Is it soluble in water or alcohol 7 
Has it an extensive range of affinity 7 
P. 214. Is it a rample substance 7 
What is its most delicate test 7 
Of what is. iodic acid composed f 

P. 215. May hydriodic acid be formed by the direct union of its elements f 
What are some of its properties when in a gaseous state 7 
How may teriodide of nitrogen he formed t 
What striking property characterizes it f 
P. 216. Do vMxne and phosphorus combine readily f 
When was bromine discovered 7 
What is the derivation of its name % 
Where is it found ? 

What is the usual method of preparing it -7 • ' 

P. 217. What is its state and appearance at ordinary temperatures t 
What is its electrical state ? 
What are its effects upon animal life 7 
P. 218. Has fluorine been obtained in a separate state 7 
What occa^ons the difficulty of collecting it 7 
What are vessels used to contain it now made of 7 ' 
What is the composition of hydro-fluorio acid 7 
How is it prepared 7 . • 
What are the chemical changes that take place 7 
P. 219. What is its appearance at 32^ 7 
How may it be preserved 7 
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At what temperature does it boil 7 

What is said of its affinity for water ? 

What is said of its action upon glass ? . 

How is fluosilicic acid formed 7 ' 

What are some other of its properties 7 

P, 220. Whalisfluoboric acid? 

P. 221. What is the composition of fluosilicic acid 7 

What are some of the properties by which the metals are distinguished 7 

What is said of their lustre 7 . , 

P. 222. What is the number of the metals ? 

How many were known to the ancients 7 

P. 223. What is said of then* specific gravity? 

How is their density aflected by hammering 7 

What is said of their nftalleability 7 

What one is most malleable 7 

Are they all ductile.? 

P. 224. Do their inalleability and ductility vary with the temperature? 

How is their tenacity determined 7 

What are some of the hardest metals 7 

What is meant by annealing a metal 7 

Are any of them crystaline in their texture 7 

What is the point oi fusion of mercurv ? 

P. 225. What is the point of fusion of gold 7 ' 

When are the metals said to be found native ? 

What are alloys f - 

How is the fusibility and hardrfess of alloys, as compared with the ingre- 
dients of which they are formed 7 

How are they deflagrated 7 

Do they difler in the strength of their afi[inity for oxygen 7 

How are potassium and sodium aflected by mere exposure to the air 7 

P. 226. Do any o£ the metals unite Math oxygen in more than one pro-' 
portion 7 

What is meant by the reduction of a metallic oxide 7 

What are some of the means by whinh these oxides fire reduced 7 

P. 227. Do any of the metals form acids by uniting with oxygen? 

What is said of the afiinity of chlorine for the metals ? 

What are some of the properties of the metalUc chlorides 7 

P. 228. What two views may be taken of the changes that occur when a 
metallic chloride is dissolved in water 7 

Has iodine an affinity for the metals 7 

P. 229. What are some of the means by which sulphurets of the metals 
may be formed 7 • 

r. 230. Can the sulphut be expelled by heat 7 

P. 231. What are the characteristics of the two classes of the metals? 

What are the characteristics of the orders of Class I. 7 

P. 232. What are the characteristics of the orders of Class II. ? 

P. 233. By whom was potassium discovered 7 

How did he obtain it 7 

How is it now prepared 7 

What is its appearance at common temperatures ? 

What is its density at 60^. 

P. 234. What is said of its affinity for oxygen 7 

How is it preserved 7 

What is the composition of potash or poiassa f 

What is its appearance 7 

What is hydrate of potassa 7 

P. 235. How is aatM potassa prepared from the carbonate? 

Why must the eolution be filtered in a close vessel 7 
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p. 23C. How is the potassa of commerce obtained f 
How maypotassa in general be distinguished f 
P. 237. trAat is the composition of iodide ofpaiassium t 
P. 238. By whom was sodium first obtainea f 
P. 239. What is the appearance of the metal f 
What is its specific gravity ? 
What efiect is produced by throwing it upon water ? 
What is soda composed off 

How may it be distingiiished from other alkaline bases ? 
P. 240. What is chloride of sodium f 
What are some of the varieties of this substance ? 
From what is It obtained ? ' 

What is said of its solublfity in water 7 
P. 241. What use is made of this substance f 

What was formerly supposed to be the composition of this sabstanee t 
Whence is chloride of sodium obtained f ^ 

What natural deposit of it occurs in this country! 
From what is it manufactured in warm countries ? 
P. 242. From wh(U is lithia obtained t 
What is its metalUc base ? 

P. 243. By what means is barium obtained from barsrta f 
What is its appearance ? 
What is baryta ? 

How may it be prepared from nitrate of baryta f 
P. 244. What are some of its properties ? 
What compounds of baryta are found native ? 
How may baryta be distinguished^ from other substances f 
P. 245. From what earth is strontium obtained ? 
P. 246. What is the composition of strontiaf ' 
Is its solution alkaline ? 

By what peculiarity may the compounds of stronda usually be disCm- 
guisnadf 
P. 247. What is the composition of lime f 
From what may lime of great purity be prepared f 
What effect is produced upon lime by bemg exposed to the air t 
In what consists the process of slaking lime ? 
What compound is formed f 
P. 248. Is lime soluble in water ? 
Does the solution possess alkaline properties ? 
What use is made of lime ? 
What is hydraulic or Soman cement T 

P^N9« Kow may hydraulic lime be formed from common timet 
^^^t is said to be the most delicate test for lime f 
P. 250. What is fluoride of calcium ? 
P. 251. How may magnesium be prepared! 
What Ib its appearance T 
What is the coriiposition of magnesia f 
P. 252. How is magnesia characterized ? 
How is aluminum separated from chloride of aluminum f 
P. 253. Does it conduct electricity ? 
What is the composition of alumina? 
How is pure alumina prepaired 7 
P. 254. What are some of its properties f 
How may it be recognised f 
P. 256. Is manganese ever found native ? 
How may the metal be obtained from the oxide ff 
Is it fusible f 
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P, 257. Is the number of compounds of this metal with oxygen well 
settled I 

How may the protoxide be formed from the other oxides ? 

•What is Its dolor when pure ? 

P. 256. How may the sesquioxide be formed artificiallf f 

What is the black oxide of manganese ? 

What use is made of it in the arts ? 

P. 259. What other oxides is the red oxide composed oft 

What two acids of manganese are known t 

P. 260. What is said ofthe abundance and usefulness of uron t 

Is it found native ? 

What other metal is usually combmed with iron of meteoric origin t 

What is an ore of iron 7 

How many of these are there ? ^ 

What ones are chiefly usea for the extraction of the metal 7 

P. 261. From what ores is the most of American iron obtained ? 

What is the process of extracting the iron 7 

When is sand and when lime required for tne flux 7 

Is it cast or wrought iron that is thus obtained 7 

How is it converted into wrought iron 7 

P. 262. What is said to be the best mode of obtaining iron in a state of 
purity 7 

What is its color 7 

How is it welded 7 . 

What is its density 7 

P. 263. What occasions the rusting of iron 7 

Is it combustible 7 

What color is protoxide of iron when precipitated from its solntioos by an 
alkali or an alkahne carbonate 7 

P. 264. What is the red hematite of mineralogists 7 

What use is made of it in the arts 7 

What is loadstone 7 

P. 265. How many sulphurets of iron are there t 

P. 266. What are some ofthe carburets of iron 7 

May ^phite be formed artificially 7 

t)oes It always contain iron 7 

Whut use is made of it 7 

What is the point of fusion of cast iron 7 

What three varieties of it are in use 7 

P. 267. May articles of cast be changed to malleable iron without injury f 

What is steel t 

What is natural steel t 

How is iron changed into steel 7 

P. 268. How is German steel manufactured 7 

How is cast-sted formed 7 

What is the method of case-hardening iron 7 

How may steel be hardened 7 

How are articles of steel tempered t 

P. 269. By what name is zinc known in commerce 7 

From what ores is it obtained 7 

Does tliis process produce it pure 7 

P. 270. What is the appearance of zinc ? 

At what temperature is it malleable 7 

What is its melting point 7 \ 

What is brass 7 
* What is galvanized iron t 

How may protoxide of zinc be formed 7 

P. 271. What use has been made of it 7 
40* 
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With what other metal is cadmium generally associated f 

P. 272. What metal does it mueh resemble ? 

Is it employed in the arts ? 

Has tin been long known ? 

From what country is it chiefly obtained ? 

Has it been found m the United States f 

P. 273. What two varieties of tin ars used in the arts f 

What other metal does it resemble in color and lustre f 

What is its melting point T 

What is Brittania metal f 

How many oxides of tin are there f 

P. 274. What is stannic acid t 

What Lb putty of tin t 

P. 275. bow is protodiloride of tin formed t 
•With what other metal is cobalt usually found combmed f 

P. 276. Is this metal capable of becoming magnetic? 

What is BtnaU t 

P. QT^, What peculiarity is there in writing done with solution of chloride 
of cobalt ? 

Is nickel usually found combined with iron of meteoric origin f 

What is said of its color, malleftbiUty, &.c. f 

Is it capable of becoming magnetic ? 

Is it fusible f 

P. 278. What use is made of it in the arts? 

How ift arsenic obtained from its ores t 

What are some of its properties ? 
' At what temperature is it sublimed ? 

What is said of its odor ? 

P. 279. What name is often given to metallic arsenic in commerce t 

What is the white arsenic of commerce t 

What two varieties of it are known t 

P. 280. What use is sometimes made of it f 

What symptoms first appear after it has been taken t 

What substance is said to be a good remedy for it f 

P. 281. What is the first test for arsenic that is described f 

What is the second test f 

P. 282. How does hydrosulphuric acid indicate the presence of ttrsenic f 

What is said to be the most decisive test f 

What is the proper method for obtaining the metal f 

P. 283. What is Marsh's test f 

Do any other metals ^ve the same indications ? 

How may they be distinguished from arsenic f 

P. 264. Is it necessary in using this test to be particularly careful to have 
the materials pure ? 

What use is made of arsenious acid in the arts t 

P. 285. What is the composition of arsenic acid t 

How is arseniuretted hydrogen prepared ? 

What two sulphurets of arsenic are there ? 

P. 286. In what minerals is chromiuha found ? 

From what circumstance has it derived its name f 

What is the appearance of the metal ? 

P. 289. Is antimony ever found native 7 

What is regulus of antimonif t 

How may the metal be obtamed from its sulphuret f 

What are its color and texture ? 

Does it readily oxydize in the open air ? 

P. 290. ts antimony used in the arts ? 

P. 292. What is the appearance of bismuth ? 



QUEVnoNS TO Johnston's chbmistrt. 475 

At what temperature does it fuse ? 

P. 294. From what ore is most of the copper of commerce derived t 

How is it distinguished from all other metals except dtanium ? 

What is its specific gravity ? 

Is it oxydized in a dry atmosphere ? 

P. 295. Of what is German silver composed f 

P. 296. What is the composition of dinoxide of copper f 

P. 297. What ore of leaA is used ezclasively in extracting the lead of 
ommerce ? 

What other metal is usually associated with it f 

P. 298. What is the color of lead ? 

Is it acted on bv pure water ? 

What is said oi the protecting influence of some salts f 

P. 299. What is the design oT a aolder t 

Of what is fine sqlder composed ? 

Of what are printers' types composed f 

P. 800. What is lUharge t 

What use is made of it f 

P. 301. From what countries is. meitcuy obtained t 

P. 302. What is the chief ore of mercury f 

How is this metal distinguished fix>m all others ? 

At what temperature does it congeal ? 

What is its density ? 

What are the only acids that act upon it f 

For what purposes is it used in the arts f 

P. 303. What is an amalgam t 

P. 304. What is the common name for peroxide of mercury? 

What is the composition of calomel t 

p. 305. What use is made of it I. 

What is the common name for the bichloride f 

P. 306^. What are its effects when taken into the stomach f 

What substance serves as a remedy by forming with it an insoluble com- 
pound ? 

P. 307. How may calomel and corrosive sublimate be distinguished firom 
each other ? 

What is the composition of cinnabar t 

To what use is it applied t 

P. 308. Is silver found native t 

What is said of the color of silver f 

P. 309. Does it rust by exposure to the airf 

What acids dissolve it ? 

What occasions the tarnish, seen upon articles of silver which are in con- 
stant use? 

P. 311. Was ^old known to the andentsf 

In what state is it always fbutid f 

What countries produce it most abundantly? ^ 

By what process is it usually separated from its ores ? 

P. 312. What is its color? 

What is said of its malleability ? 

What is its specific gravity ? 

How is the purity of gold and silver estimated? 

What is the fineness of standard gold ? 

Is it oxydized by exposure to the air? 

What substance dissolves it ? 

P. 313. What effect has the presence of other metals upon its malleability ? 

What metal is usuallv found combined with native gold ? 

P. 315. How may sulphuric ether be made to dissolve gold ? 

How is purple of Cassiuf formed ? 
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p. 316. When was platinum discovered f 
What other metaJb are usually in combination with it f 
What is its specific gravity ? 
Is it affected bv exposure to air or moisture t 
p. 317. For what purposes is it used in the arts t 
P. 320. Do acids and alkalies unite with elementary substances f 
What is said of die electrical energies of acids and alkalies ? 
What substances are now considered acids ? 
What is a base ? 

P. 321. What two classes of salts were early recognized f 
What is a sulphur salt t 
What are sulphur acids and sulphur hoses f 
What are the haloid salts f 
What are the four orders of salts ? 
P. 322. Can the number of salts be determined? 
What is the state of most of the salts at common temperatures? 
'When is a salt said to be ddiquescent t 
Are all the salts soluble in water ? 

P. 323. What is meant by the water of erystaliaation often contained in 
•alts? 

P. 326. How will the salts be classified for further description f 

P. 327. How may a sulphate in solution always be detected f 

What sulphates are found abundantly in nature ? 

P. 329. What is the common name for sulphate of soda f 

What use is made of it ? 

P. 320. What are some of the names applied to sulphate of lime t 

How is it prepared for use in stucco work ? 

P. 331. What is Epsam salt composed oT? 

Why is it called by this name ? 

What are green vttrioZ, blue vitriol, and white vitriol t 

P. 332. Wnat is the composition of alumt 

P. 333. What different alums are there ? 

How may the nitrates be prepared f 

P. 334. How are they affected by heat ? 

What is the common name of nitrate of potassa f 

How is this salt formed in this country ? 

P. '325. What is the explanation of the action of gunpewderwhen ignited f 

P. 336. What is the common name for nitrate of silver! 

P. 337. What use is sometimes made of it? 

What color is produced hy it upon organlic matter by the action of light f 

How are the chlorates affected by a red heat ? 

P. 338. How is chlorate of potassa formed ? 

To what use is it applied ? 

What is the composition of common Ueacking salt t 

P. 339. For what purpose is it used in the arts and in medicine ? 

What acid enters into the composition of the phosphates ? 

What three tribaac phosphates of soda and water are there t 

P. 342. For what are the salts of phromic acid distinguished? 

How is chromate of potassa formed ? 

What use is made of bichromate of potassa ? 

P. 343. What is chrome yellow t 

How are the borates known ? 

What is the common name for biborate of soda f 

What is it used for ? 

P. 344. How may the carbonates be known ? 

P. 345. From what is the potash of commerce obtained f 

What iapearlashf 

P. 346. What is the composition oi sal-csratus t 
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How is the carbonate of soda procured f 

P. 347. What use is made of bicarbonate of soda? 

What is the sal-volatile of commerce ? 

P. 349. What compounds only are included in the order of hydro-salts ? 

What is the composition of scd ammoniac t 

P. 350. What compounds are included in the order of sulphur salts t 

P. 351. What is hydrosulphuret of potassium composed of? 

P. 352. What compounds are included in the order t^ haloid salts t 



PART III. 

OftOANIC CHSSMIdTRY. 

P. 3M. What does the department of Organic Chemistry comprdhend ? 

What are the usual elements of organic matter ? 

What is said of the number of simple atoms they usually contain f 

Do the elements of organic bodies combine with each other in definite 
proportions ? 

P. 355. Why are or^nic bodies, when life has become extinct, prone to 
spontaneous decomposition ? 

May or^nic compounds be imitated by art t 

P. 356. W'hat is a compound radical? 

P. 359. What three elementary principles enter int6 the compodtion ef 
vegetable bodies ? 

What are meant by proximate and ultimate prindples t 

What are vegetable acids ? 

What is meant by a poly basic acid ? 

P. 360. In what vegetable is oxalic acid found ready formed ? 

P. 361. How is this acid formed artificially T^ 

May it be formed from other substances besides sugar f 

What are its efiects when taken into the stomach ? 

For what salt used in medicine has it sometimes been mistaken ? 

What substance should be taken as a remedy when it has been accident- 
ally swallowed ? 

r. 362. Is acetic acid found ready formed in some plants ? 

P. 363. What is common vinegar ? 

What substances may be made to produce acetic add f 

How may the concentrated acid be best procured ? 

P. 364. What are some of its properties? 

What is common sugar of lead t 

P. 365. What is the compodtion of verdigris f 

How is it prepared ? 

P. 366. From what is beneoic add procured ? 

P. 367. What plants contain malic acid ? 

What fruits contain citric add ? 

What use is made of it ? 

P. 368. In what is tartaric add found ? 

From what is the tartaric acid of commerce obtained? 

What is cream of tartar t 

P. 369. In what is gallic add found ? 

From what is it usually prepared ? , ^ 

P. 370. What other acid accompanies the gallic in nut-galls f 

In what plants is tannic add found ? 

What effect does it produce upon gelatine ? 

P. 372. What is a vegetable alkah ? ^ 

Do they ever exist in an insulated state in plants ? * ^'^' 
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What are some of these alkalies f 
With what acids is morphia combined in opium 7 
Wnat are some of its properties when pure ? 
P. 373. What salts of morphia are mentioned 7 

What two vegetable alkaUes are usually found associated in the diflforent 
varieties of Peruvian bark 7 
P. 374. What is the proper solvent for cinchonia7 
Are its alkaline properties well marked 7 
What name is often applied to sulphate of quinia 7 
P. 375. What is the composition of cyanogen 7 
What is its sufte at ordinary temperatures 7 
P. 376. How may cjranic acid be procured 7 
What is its composition 7 
What is the composition of fulminic acid 7 
From what property does this acid derive its name 7 
P. 377. What use is made of fulminate of mercury 7 
Does cyanuric acid differ in its composition fiom the two preceding f 
From what may hydrocyanic acid be procured 7 
Can it be formed artificially 7 
What are its effects upon animals 7 

P. 378. What effects nave been produced by a smgle drop 7 
Is it used in medicine 7 

What is the composition of ferrocyanide of potassium 7 
What is this substance sometimes called 7 
P. 379. What use is made of it in the arts 7 
What is sesquiferrocyanide of iron composed of 7 
By what name is it known in commerce 7 
P. 380. In what vegetable productions is starch found 7 
By what means is it procured 7 
Does it crystalize 7 

What effect is produced upon it by boiling water? 
What is the best test for starch 7 
P. 381. What varieties qfttarch are mentioned t 
What is its composition t 
To what is the name gum applied 7 
What are some of the gums mentioned 7 
P. 382. From what vegetables is cane sugar obtained? 
How is it prepared from cane juice 7 
How is the raw sugar purified? * 

P. 383. Why is grape sugar so called 7 
Under what circumstances is it found in the animal system 7 
P. 384. In what is alcohol found 7 
Does it exist ready formed in plants 7 
How may it be procured from ardent spirits 7 
At what temperature does it boijinvhen pure 7 
P. 385. What is said of its affinity for water 7 
What proBprtion of alcohol is contained in brandy, rum, gin, See, ? 
P. 386. ^fibat is meant by the fermentcttion of vegetable substances ? 
What are the three stages of fermentation, or the three fermentations ff 
What is the product ofthe saccharine fermentation 7 
In what does the operation of malting consist 7 
P. 387. What^^Htethe products ofthe vinous fermentation? 
What are tbe conditions necessary to produce this fermentation ? 
Is jBugar the only substance capable of fermenting 7 
P. 388. From what is beer manufactured 7 
What is produced during the acetic fermentation 7 
*l8 atmospheric air necessary to produce this fermentation ? 
P. 389, How are the ethers produced 7 
•£^ow is sulphuric ether formed 7 
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P. 390. What are aome of its properties ? 

P. 391. How is hydrochloric ether prepared^ \ 

How is hyponitrous ether formed ? 
p. 392. What is its composition ? 
What is it sometimes called ? 
P. 395. How are oils characterized ? 
How are they divided ? 

In what parts of plants are the fixed oils usually contained ? 
Are they generally liquid or solid ? 
What three principles are they generally composed of? 
What are siccative or drying oils ? 
P. 396. Why is litharge sometimes mixed with paints ? 
Do the fixed oils combine with water ? 
What is soap ? 

What three varieties of soap are there in commerce ? 
P. 397. Why are the volatile oils so called ? 
What occasions the odor of aromatic plants ? 
How may any adulteration of them with a fixed oil be detected f 
From what is oil of turpentine procured ? 
What is its composition when pure ? 
P. 398. How is artificial camjAor formed ? 
How is the oil of bitter almonds procured ? 
From what is camphor obtained ? 

May a similar substance be obtained from other substances t 
What are the resins ? 

In what hquids are they in general soluble ? 
P. 399. What use is made of them ? 
What are some of the more important resins f 
From what is common rosin obtained ? 
Where is amber found ? 
P. 400. What is wax? 
From what is naphtha procured ? 
P. 401. In what substance does creosote exist? 
What^re some of its properties ? 
Is it soluble in water ? 

Into what two varieties may coal be divided ? ; 
How is bituminous coal distinguished ? '. 

P. 402. WhatiscoAe? ] 

Where in the United States is anthracite found in^great abundance ff 
What substances are used in the preparation of illuminating gas ? 
* How is coal gas formed ? ' 

Is the quality of the gas always the sti'fne ? 
Is this gas sometimes found issuing from the earth ? 
P. 402. What is said of the care required in preparing oil gas ? 
Why does coal gas require to be cleansed,. before use ? 
Do we find great diversit v in the colors *of vegetable substances ? 
Is coloring matter often found in a separate state ? 
How are coloring matters called lakes usually formed 7 
What is the use of a mordant ? 
P. 404. What are substantive and adjective colors ? 
What substance is used for coloring blue ? 

P. 405. What is meant by germination ? " 

What are the conditions necessary to healthy germination ? 
P. 406. Do important chemical changes take place in the germination <)f 
«^ds ? , 

From what source do plants derive their carbon ? ^ *' 

Is light necessary for the proper growth of plants ? 
P. 407. Does nitrogen serve an important purpose in plants 7 
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Pa ', M.ntfi probably derive nitrogen from the atmosphere? 

Ar- aonranic aubstancea found in plants ? 

i^ -MS^ Do plants show a disposition to absorb some salts and reject 

I I what plants is potassa usually found ? 

vVhy are bone-dust and wood-ashes found to be excellent manures for 
jvomoting the growth of wheat ? 

What is the design of manures? 

Upon what is the great advantage of organic manures supposed to depend ? 

P. 409. In what parts of plants is nitrogen chiefly to be found ? 

What are the chief elements of animal substances ? 

P. 410. What change immediately takes place in animal substances at 
death ? 

Where is fibrin found ? 

Into what parts of the animal does albumen enter ? 

From wliui is liquid albumen best procured ? 

P. 411. What efiect is produced upon it by heat? 

In what parts of the body is gelatine found ? 

P. 412. What well-known article of commerce is prepared from gelatine? 

What are bones chiefly composed of ? 

What effect is produced upon bones by heating thfem in the open air ? 

P. 413. What are the teeth composed of? 

W hat substance forms the chief part of the tendons ? " 

P. 414. Are the animal oils and fats analogoiis in their composition to 
those of vegetables ? 

P. 413. How is the blood distinguished from other animal fluids ? 

What is its specific gravity ? 

P. 416. What change takes place in it when first drawn from the system? 

What is the coloring principle of the blood i 

P. 417. Is iron an essential principle of hematosine ? 

In what docs the coagulation of blood consist ? 

Is the process influenced by the air or by other substances ? 

P. 418. May the blood be diseased ? 

What diflTerence is obscived in tlic color of the blood in the veins and 
arteries? 

IIow is the change frov^'the venous to the arterial state eflTectcd ? • 
' P. 419. Is the coloring 'matter of the blopd particularly concerned in the 
chjtiige ? y'' . . -. 

What gas is absorbediby the air in the lungs, and what gas is given onf? 

Is it known where the carbonic acid gas is formed ? . 

Does the arterializaiion of the blood depend entirely oh. the influence of 
the atmosphere ? 

P. 420. May the same changes be produced upon blood after it is drawn 
from the system ? ... 

P. 421. Does nitrogen serve any important purpose in respiration t 

Is there a close connection between the functions of respiration and the 
development of animal heat ? 

P. 422. When the blood circulates sluggishly, is the same quantity of 
oxyecn required as at other times ? 

By what f^ubstances are ihe-phenorrtena of digestion produced ? 

By what orirans is the saliva secreted ? 

P. 423. What is the use of the saliva? 

Where is the orastric juice secreted? 

What -is said of the solvent power pf this liquid? . " 
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